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On the Influence of the Pulse Amplitude on 
the Carotid Sinus Pressure Eeflex. 

By 

ERNST BARANY. 

(Received 8 November 1941.) 


As is well known, experimental changes in the mean pressure 
within the carotid sinus are followed by reflex blood pressure 
changes. It does not follow, however, that the mean pressure 
is the adequate stimulus of the carotid sinus, the magnitude 
of the depressor effect released from the sinus being determined 
solely by the mean pressure in the latter. There remains the 
possibility, that the amplitude and frequency of the pulsations 
in the sinus have an influence on the reflex. In the course of a 
still unfinished investigation on kindred problems some experi- 
ments pertaining on this question were performed in 1938. They 
are now published separately because E. Strauss (1940) recently 
has published similar experiments with different results. 

Babbits in methane narcosis were used. A concentric double cannula 
was inserted in the common carotid on one side and the vessels leading 
from the bifurcation carefully isolated and ligated. As perfusion fluid 
50 % defibrinated ox blood in Tyrode, kept 24 hours in the refrigerator 
before the experiment, was used. A special perfusing system allowing 
independent control of perfusion speed, intrasinusoidal mean pressure 
and pulse amplitude was debased. For description see fig. 1. The pump 
for generating the pulsations gave approximately sinusoidal pressure 
variations, the speed of which were adjusted to 120 strokes per min. 
It would have been desirable to measure the actual pulse amplitude 
in the preparation. Because of the extremely small volume of the 
preparation, only a practically isometric manometer could have been 
used. As no such instrument was available the maximal pulse ampli- 
tude was adjusted so as to give considerably more violent pulsatile 
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movements of the carotid sinus bag than those performed by the 
contralateral carotid sinus while still in connection with the circulation 
of the animal. Then, the cardioaortic nerves and the contralateral sinus 
caroticus were destroyed and blood pressure recorded in the contra- 
lateral common carotid. 



Pig. 1, Perfusing system. 

Mean pressure is determined by the height of the two flasks suspended from 
the ceiling, rate of perfusion by the effective driving pressure as indicated, rate 
and amplitude of pulsations by adjustments on the pump. The long rubber tubings 
act as mechanical chokes, preventing the pulsations from being short-circuited by 
the leads for perfusion fluid. The air chamber at the pump serves to reduce har- 
monics in the pulses. The rubber membrane separating the fluid in the pump 
from that in the system is a rubber glove finger. 


The -mnip exp)erimeiit was performed in the following manner: 
The stroke volume of the pump was set to 0, the intrasinusoidal 
pressure adjusted to about 40 mm Hg, blood pressure allowed to 
equilibrate and the intrasinusoidal pressure raised. A drop in 
blood pressure showed, that the preparation worked. After 
equilibration of the blood pressure on the new level pulsations 


INFLUENCE OF THE PULSE AMPLITUDE. 3 

were introduced by adjusting the stroke volume of the pump to 
the predetermined level. After a minute or so the pulsations were 
removed and the pressure in the preparation reduced in order 
to test the blood pressure reflex. One of about a dozen experiments 
at different pressure levels 
but with identical results is 
shown in fig. 2. It was never 
possible to observe even the 
slightest effect of even very 
\nolent pulsations. 

Discussion. 

The results obtained differ 
from those of E. Strauss 
(1910) who found that pulsa- 
tions increased the depressor 
effect. He used vagotomized 
dogs and a different perfu- 
sion system, the pulse curve 
of which certainly was not 
sinusoidal. It might be that 
this is the explanation of 
the discrepancy between our 
results. An other difference between our experiments is that 
Strauss did not make a quick change from pulsations to no 
pulsations but recorded the whole "Blutdruck-Charakteristik” 
(E. Koch 1931) with the different types of stimuli. Therefore, 
his preparation could have changed between the different runs. 
Ko checks of this point are mentioned. 

The negative result obtained in the above experiments is some- 
what surprising and one wonders if the symmetrical form of the 
pulsations could have anything to do mth it. The central pulse 
certainly is quite asymmetric, with a steep rise and a slower fall 
of pressure. It might be that the steep rise releases an extra 
volley of activity which is not compensated for by the silent 
period during the fall. With sinusoidal pressure variations this 
might not be the case. Experiments with different pulse forms 
and recording of action potentials would be desirable. 


no 
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90 
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Fig. 2. 

Upper curve: intrasinusoidal pressure. 
Lower cun’c: blood pressure. 

Time: 10". 
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Snmmary. 

Superposition of sinusoidal pulsations upon a steady mean pres- 
sure in tlie isolated carotid sinus has no influence on the blood 
pressure. 


Beferences. 

Koch, E., Die Eeflektorisohe Selbststeuerung des Kxeislaufs, Dresden 
1931. 

Strauss, E., Arch. f. Kreislaufforsch. 1940. 6 65. 
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Dio Eiinvirkimg you Blntdriickslnulerniigeii iin 
Carotissinus aul* die Atmuiig bei der Katze. 

Von 

H. BJURSTEDT and C. M. HESSER. 

(Kingeroiclit am If). Dozcinber 1941.) 


Es ist Kclion lange Zeit bekannt, class die Ventilation bei Ver- 
scbluss der beiden Carotiden grosser wird; diese Erscbeimmg 
hat sich als selir konstaiit und leicht zu demonstrieren er- 
^viosen. Nur hat man den Befund nicht an{ einen allgemein 
anerkanntcn jreehanismus zuriickfiihren konnen. Friiher wurdo 
die zunehinende A''ontilation allcin als Erfolg der venschlechterten 
zentralen Durcliblutung angeschcn, aucli wenn Siciliano 1900 
anflihrte, class nach Verschlnss der beiden Vertebrales, die viel- 
mehr fiir die Blutversorgung cles Atcnizentruins verantwortlich 
sind, die Anderung der Ventilation kleincr als nach Vcrschluss 
der Carotiden %vare. Spiitere planmassige Untersuchungen an 
isolierten Carot'ssimispniparaten scit der Entdeckung der Sinus- 
refloxe habeii gezeigt, class die Vergrosserung der Ventilation 
grosstenteils auf Eimvirkung der Druckabnahrac im reflexogenen 
Gebiet der Carotiden berulit. Da nach der Entnervung beider 
Sinus keinc Anderung der Ventilation nach Anderung des endo- 
sinualen Druckes vorhanden war, wiirde die oben genaunte Ver- 
grosserung aLs Eolge des Wegfalls einer reflektorischen Hemmung 
aufgefasst (Heymans und Bouckaert, 1930, Koch und Mark, 
1931). 

Den Barorezeptoren, von denen nach den genannten Verfassern 
diese tonischen Impulse zentrahvarts ausgehen sollten, warden 
also neben der »blutdruckzugelnden» AVirksamkeit eine gleichzeitig 
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atmungsreguUerende Eolle zuerkannt. Koch und Mark haben 
aber hervorgeboben, dass bei Anderung des endosinualen 
Druckes Atmungsanderung bei unverandertem allgemeinem 
Blutdruck gelegentliob beobacbtet werden konnte, was die 
Beteiligung der Barorezeptoren in Brage setzt. Schmidt fl932) 
vennutet, dass die Einwirkung von Blutdrucksanderungen im 
Carotissiniis anf die Atmung 'wahrscbeinlicb anderen Ursprungs 
als die anf den Kreislauf ware, da die Intensitaten der beiden 
Erscbeinungen von einander oft voUig unabbangig sind. Euler 
nnd Liljestrand (1937) lieferten Stiitze fiir die Auffassung, dass 
die Ventilationsvergrosserung bei Senkung des endosinualen 
Druckes in Perfusionsversuchen an Hunden viel mehr auf Eeizung 
der Cbemorezeptoren als auf Wegfall einer pressoriscben Hem- 
mung zuriickzufubren ware. Eine Senkung des Sinusdruckes durch 
Verschluss der Carofciden bat ferner eine Frequenzsteigerung der 
in den Sinusnerven der Katze verlaufenden Impulse zufolge; 
diese kann aber durcb Hyperventilation mit Sauerstoff aufgeboben 
•werden und diirfte somit von der Erregung der Cbemorezeptoren 
abbangig sein (Euler, Liljestrand und Zotterman, 1939), 
Weitere Beobacbtungen von Euler und Liljestrand 1940 baben 
gezeigt, dass bei Perfusion der Carotiden mit sauerstoffarmem 
Blut (Sattigung = 33 %), im Gegensatz zu sruerstoffreicbem, 
eine Senkung des endosinualen Druckes keinen Effekt auf die 
Atmung hat, da die Cbemorezeptoren in diesem Fail -wabrscbein- 
licb bereits bei bobem Perfusionsdruck durcb Sauerstoffmangel 
maximal gereizt sind. Auch Kudberg (1938) fasste die Ventila- 
tionsvergrosserung bei Verschluss der Carotiden als Folge einer 
lokalen Hypoxiereizung der Cbemorezeptoren auf, da dieselbe 
bei niedrigem allgemeinen Blutdruck grosser war als bei gutem 
Druck (1938) und durch Sauerstoffatmung entgegenge-wirkt wer- 
den konnte (1940). Nacb einem Versucb durcb Embolisierung des 
Glomus caroticum mit einer Lycopodium-Suspension die Cbemo- 
rezeptoren auszuschalten fand Winder (1938), dass Respira- 
tionsreflexe bei endosinualen Druckanderungen nocb auftraten. 
Marri und Hauss (1939) haben eine Untersucbung uber die 
Einwirkung gewisser Faktoren auf die Atmungsreflexe bei endo- 
sinualen Druckvariationen ausgefubrt, wobei eine Metbodik be- 
nutzt wurde, die Lim imd Chang (1936) und Heymans, Dona- 
TELLi und Shen (1938) beschrieben baben. Ein Gummi- oder 
umgestiilpter Venensack -wurde in den Sinus eingefiibrt, wobei 
die Absicht war, bei Druckanderung im Sacke einen pressoriscben 
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Eeflex ohne Beteiligung eines chemisclien. zu erhalten. Eine 
Steigerung bzw. Minderung der Ventilation bei Senkung und 
Erbobung des endosinualen Druckes nacb diesem Verfahren wurde 
demonstriert. Indessen diirfte das Fehlen einer Steigerang der 
Ventilation bei Senkung des endosinualen Druckes unter Inhala- 
tion von sauerstoffarmer Luft (Marbi und Hauss, Abb. 1 C), 
das auf zentrale Depression zuruckgefiibrt -wTirde, aucb so er- 
klart verden konnen, dass die von bypoxaroiscbem Korperblut 
gereizten Cbemorezeptoren schon eine Ventilationsvergrosserung 
bevirkt batten unter Verdrangung des Herumungseffektes. Aucb 
in einer Arbeit iiber vaso- p 

motoriscbe Einvirkungen 
des Sinusdruckreflexes von 
Grimson und Seen (1939, 

Abb. 1), vro dieselbe Me- 
tbodik benutzt vurde, kdn- 
nen keine pressoriscben At- 
mungsreflexe bei virksa- 

nien Barorezeptoren beobacbtet werden (bei erbaltenen Vago- 
Depressoren). Die A. carotis communis der anderen Seite war 
in diesem Falle verscblossen worden, was an sich eine gewisse 
Hyperventilation berbeigefubrt baben diirfte. 

Die folgende Mitteilung bericbtet iiber Untersucbungen iiber die 
Bedeutung der beiden Arten von Rezeptoren im Carotissinus und 
zwar der Barorezeptoren fur die Atmung bei der Katze. 


n 



Abb. 1. Carotissinus-Kaniile. 

P = Perfusionsblut. Tb = Thermometer. 
Ab = Abflussrohr. 


Versuclisanordnung. 

Als Versucbstiere wurden 12 Katzen verwendet. Nacb vorberiger 
Anastbesienmg mit Ather wnrden die Tiere durcb intravenose Zufuhr 
einer 1 proz. Cbloraloselosung (c:a 6 ml/kg Korpergewicbt) anastbesiert. 
Die beiden Carotiden wurden im Bifurkationsgebiet scbonend bervor- 
prapariert. Nux die grosseren Aste des Sinusgebietes wurden in einigem 
Abstand von der Bifurkation ligiert, damit die ilbrigen vom Gebiete 
ausgebenden kleineren Gefasse als Abfluss eines fiir die Versorgung der 
Rezeptoren wabrend der Vorbereitungen des Versucbes geniigenden 
Blutstromes dienen konnten. 5 mg Heparin pro Kilo Korpergewicbt 
wurden dann intravenos injiziert, um von Anfang !.n eine Koagulation 
in den abfiibrenden Gefassen der Sinusgegend und in den Gefassen des 
Glomus caroticum zu verbindern. Spezielle Kaniilen (Abb. 1), mit 
engen Abflussrobren verseben, wurden nacb Unterbindung der Aa. 
carotides communes in die Sinussacke eingefiibrt, so dass die konti- 
nuierUcbe Zufubr von neuem, sauerstoffgesattigtem Perfusionsblut aucb 
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bei niedrigen endosinualen Drucken sicbergestellt und kontro, wer- 
den konnte. Die cbemiscbe Einwirkung eines Euckflusses von Korper- 
blut durcb arterielle Anastomosen mit den Vertebralarterien wrde in 
dieser Weise -weitgebend ausgeschaltet. Die Perfusion mirde mit vollig 
sauerstoffgesattigtem, beparinisiertem (1 mg/10 ml) Menscben- oder 
Scbiveineblut ausgefiibrt. Die Temperatur des zu perfundierenden 
Elutes wurde bei c:a 38° C gebalten. Der Arteriendruck, in der A. femor- 
alis gemessen, und der endosinuale Druck wurden von Quecksilbermano- 
metern registriert. Die Ventilation wurde quantitativ mit Hilfe eines 
Kdrperpletbysmograpben registriert. 


Ergebnisse. 

Mit Hilfe der obengenannten. Versucbsanordnungen konnte 
eine fast ganz pbysiologiscbe Durchstromung der vom iibrigen 
Kdeislauf isolierten Karotisgebiete mit einer Blutfliissigkext von 
konstanter chemiscber Zusammensetzung ausgefiibrt werden. 

Es ergab sicb bereits aus den ersten Versucben, dass eine An- 
derung der Ventilation bei endosinualer Druckanderung gar kein 



Abb. 2. Katze, CUoralose. Perfusion der beiden Sinusgebiete mit saucrstoff- 

gesattigtem Schweineblut. 
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Abb. 3. Katze, Chloralose. Perfusion als in Abb. 2. 


konstanter Befund ist. Bei Druckoszillationen innerhalb physio- 
logischer Grenzen blieb meistens eine unveranderte Ventilatioii 
die Begel. Nur bei grossea Druckanderungen konnten Atmungs- 
anderungen beobachtet 'werden, obwohl sehr oft aucb dann die 
Atmung unverandert blieb. Die Barorezeptoren konnten bei 
keiner von diesen Gelegenbeiten geschadigt oder gelabmt gewesen 
sein, da ilire xeflektoriscbe Einwirkung auf den Arteriendruck 
sehr schon beobachtet verden konnte (Abb. 2). Die Chemorezep- 
toren vaten bei diesen Yersuchen vollig funktionsfahig. Die bei 
den grosseren endosinualen Druckanderungen vorkommenden 
Falle von Atmungsvariationen batten nicht den Charakter eines 
unmittelbar einsetzenden Eeflexmechanismus, wie man es erwar- 
ten wiiide, vrenn es sich um eine zentrale Irradiation oder direkte 
Einwirkung pressorischer Impulse handelte (Abb. 3). 

Bei unseren Fallen von Yentilationsanderungen war vielmehr 
ein allmahliches Eintreten der Ventilationsvergrosserung nach 
Senkung des endosinualen Druckes die Begel. Bei Erhohung 
desselben nach vorherigem niedrigem Drucke konnte dagegen 
oft eine relativ schnell einsetzende Minderung der Atmung 
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Abb. 4. JCatze, Chloralose. Perfusion bei ausgeschaltetem Blutdrucksreflex. 


beobachtet ■werden (Abb. 4). Atmungsveranderungen desselben 
Typus sind auch in der Arbeit von Marri und Hauss illustriert 
(Marri und Hauss, Abb. 4). Her Unterscbied zwiscben den beiden 
Erscbeinungen ist deutlich und spricht gegen einen mecbanischen 
Druckreflex, wo man gleicbartige, sobnell einsetzende Effekte 
erwarten wiirde, Der Befund lasst vielmebr vermuten, dass der 
niedrige Sinusdruck durcb ungenugende Blutversorgung des 
Glomus eine lokal einsetzende Hypoxie und Ansammlung saurer 
Stoffwecbselprodukte herbeifuhrt, die zur Brregung der Chemo- 
rezeptoren und damit der Atmung fiibren, und dass eine Druck- 
erbdbung im Sinus die Ursacben dieser Erregung relativ schnell 
durcb Fortspiilen der sauren Metaboliten beseitigt. Die von Koch 
(1930) bei endosinualer Druckerbobung beobacbtete Apnoe diirfte 
teilweise als Eolge eines plotzlicben Wegfalls der zu Hypeipnoe 
fuhrenden, cbemiscben Reflexe entstanden sein. 

Wahrend des Verlaufs unserer Versucbe bHeben die cbemiscben 
Atmungsreflexe gewobnbcb langer als die pressoriscben Blut- 
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drucksreflexe besteken. Es konnten somit leicbt Praparate mit 
ausgescbalteten Barorezeptoren bei ■vv’irksaraen Chemorezeptoren 
erhalt^n Tverden. Abb. 4 zeigt das Vorhandensein einer Ven- 
tilationsanderung bei endosinualer Druckanderung und gescba- 
digten Barorezeptoren. Yor der Labmung der Barorezeptoren 
konnten bei adaquater Eeizung derselben in diesem FaJJe die 
gewohnlicben Blutdruckseffekte hervorgerufen werden. 

Aus Abb. 4 geht auch iiervor, dass ein hoberer endosinualer 
Dnick als der Systemdruck notwendig ist, um diese Ventilations- 
niinderung bervorzubringen, was wabrscbeinlicb auf einer erst 
dann eintretenden effektiven Durcbstromung berubt. 

In alien diesen Yersucben waren die Vago-Depressoren er- 
balten. Eine kompensatoriscbe Wirkung der Aortarezeptoren 
diirfte wegen der massigen Variationen im systemiscben Blut- 
druck als Eolge der oft weit grosseren Sinusdruckanderungen 
die feblende Atmungsmrkung nicbt erklaren konnen. Ferner 
waren die Aortarezeptoren nicbt imstande die vom Sinus aus- 
geldsten Blutdrucksanderungen zu kompensieren, wesbalb es 
nicbt anzunebmen ist, dass eine eventuelle Atmungsbemmung 
von Sinus aus durcb den Aorta-Mechanismus kompensiert wer- 
den kann. Wenn andererseits die Vago-Depressoren durcb- 
schnitten waren, trat eine presso-reflektoriscbe Atmungsbem- 
mung ein, wie sic beim Hund mebrmals bescbrieben worden ist. 

Zasammenfassung. 

Mit Hilfe der bescbriebenen Versucbsanordnungen sind die fol- 
genden Beobacbtungen an Atmungsreflexen bei endosinualen 
Druckvariationen bei der Katze gemacht worden: 

1) Endosinuale Druckanderungen brauchen keinerlei Veran- 
derung der Atmung berbeizufiihren, selbst wenn typiscbe Blut- 
drucksreflexe auftreten. 

2) Unter gewissen Bedingungen konnen endosinuale Druckan- 
derungen Atmungsvariationen beibeifubren, aucb wenn keine 
Blutdrucksreflexe auslosbar sind. 

3) Die obengenannten Versuchsergebnisse liefern keine Stiitze 
fiir die Annabme, dass Atmungsreaktionenbei endosinualen Druck- 
anderungen bei der Katze iiber die Barorezeptoren unter norma- 
len Bedingungen erfolgen, sondern steben vielmebr im Einklang 
mit der Auffassung, dass die Atmungsveranderungen iiber die 
Cbemorezeptoren ausgelost werden. 
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Nachtrag zur Korrektur: In Anlehnung an spateren Versucben 
von Bjurstedt und Eulee (Acta Pbysiol. Scand. 1942, im 
Druck) \vurden einige weitere Versuche angestellt, tyo der all- 
gemeine Blutdruck mittels einer Kompensationsvorricbtung va- 
riiert werden konnte. An Versucbstieren mit erhaltenen Vago- 
Depressoren nnd Sinusnerven trat z. B. bei Senkung und Er- 
bobung des normalen Druckcs um 40—50 mm Hg keine signi- 
fikative Anderung der Atmung ein. 
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Action Potentials from tlie Baroceptire and 
Cliemoccptive Fibres in the Carotid 
Sinus Nerve of the Bog. 

By 

U. S. T. EULER and Y. ZOTTERHAR. 

(Receired II February 1942.) 


According to ScmnDT and Comroe (1940), several groups of 
workers have tried to record achemicak potentials from the sinus 
nerve in the dog, but hitherto all experiments in that direction 
have failed. These negative results with dogs, in contrast to the 
positive results obtained with cats by Bogue and Stella (1934: — 
35), ZoTTERjfAX (1935), Samaak and Stella (1935), and Euler, 
Liljestrakd and Zottebma^-i (1939), have led Schmidt and Com- 
roe to express some doubts as to whether the »chemical!> poten- 
tials recorded in the cat's sinus nerve are actually set up in the 
chcmoreceptors of the carotid body. Although they realise that 
the negative result of the e.xperiments on dogs may only mean that 
the potentials set up from the chcmoreceptors are smaller in the 
dog than in the cat, they point out that in the cat there are »quite 
direct communications between the sinus nerve system and the 
superior cervical ganglion and that ner%'e impulses iu the (thoracic) 
sympathetic are known to be increased by asphyxia, decreased 
by over-ventilation and increase in blood flows. They thus raise 
the question whether the potentials assimied to represent chemi- 
cal impulses in the cat may derive from impulses originating from 
the sjunpathetic. Schmidt and CoiiROE do not give any details 
as to how they conceive that these connections might bring the 
electrical changes actually observed in the cat. As far as we can 



14 


U. S. V. EULER AND Y. ZOTTERMAN. 

see, there are only three ways in which these connections could 
be responsible for the chemical potentials recorded" in the cat: 
1) that preganglionic fibres run to the carotid body, where they 
relay; 2) that postganglionic fibres pass from the superior cervical 
ganglion through the carotid body further up in the sinus nerve; 
3) that the »chemical» potentials recorded in the cat do not derive 
from the sinus nerve itself, but are due to electric leakage from the 
cervical ganglion or its connections. 

As far as the two first alternatives are concerned, the pd'tentials 
would derive from non-medullated fibres, while the potentials 
recorded in the cat obviously derive from rnedullated fibres. IFur- 
ther, we have foimd that all the rnedullated fibres running in the 
cat’s sinus nerve degenerate peripherally to the seat of ligation 
(Euler, Liljestrand and Zotterman 1941 b). The third alter- 
native is ruled c-j^t by the usual control, killing the nerve below 
the electrodes, which always abolishes all electric activity in the 
sinus nerve. In order to eliminate any discussion, we have 
cut all connections and removed the superior cervical ganglion in 
the oat. This procedure had' no effect whatever on the electrical 
activity elicited by the natural stimuli to the chemoreceptors of 
the carotid body. On the other hand; it is conceivable that the 
chemoceptive impulses, in analogy to the baroceptive impulses (cf 
Schweitzer 1935), may induce changes in the activity of the 
sympathetic system of the kind observed by Bronk and bis colla- 
borators. 

In a subsequent review, Schmidt and Comroe (1941) have come 
to suspect that the chemical potentials recorded by us in the cat 
might have been confused with small potentials originating from 
pressor receptors in the carotid sinus. This objection is easily 
dismissed by the observations made by Bogub and Stella (1934 
— 35), as well by ourselves, that the chemical potentials can be 
elicited even when the pressure is lowered. Thus occlusion of the 
common carotid artery in the cat increases the frequency of 
these potentials. Further, our records from the cat show that, 
whereas the small potentials increase in number at each systole, 
the chemical potentials are evenly distributed (cf Euler, Lilje- 
strand and Zotterman (1941 b fig. 4.). Thus we maintain that 
the chemical potentials recorded by us from the sinus nerve in 
the cat must, beyond any reasonable doubt, be taken to represent 
the impulses set up in the aflerent .fibres running from the 
chemoreceptors of the carotid body. 
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As it appeared, however, that the primary reason for Schmidt 
and Comroe’s objections to our observations on the cat was the 
failure to record any action potentials in the dog's sinus nerve 
due to chemoreceptor activity, we decided to extend our studies 
of the chemical potentials to the sinus nerve in the dog. 

Methods. 

16 dogs in all, of weights from 6 to 25 kg were used. The animals 
were anesthetised ■with O.i g chloralose per kg intravenously. In most 
cases urethane or barbiturates had also to be given, in order to prevent 
shivering. The sinus nerve was prepared and freed of its sheath on a 
portion sufficiently long to permit of the application of electrodes, 
consisting of cotton wool Avicks soaked in Kinger solution, and connected 
up with chlorinated silver -nures. The action potentials were led to a 
resistance capacity coupled amplifier previously described (Zotterman 
1935 and 1939), and a cathode ray oscillograph. 

Blood pressure was recorded by means of an elastic manometer con- 
nected with the femoral artery. Intravenous injections were made 
through the femoral vein. 

In a few experiments the external carotid was ligated juSt above 
the bifurcation, in order to separate the pressoreceptor area in the 
sinus proper and the chemoreceptor region of the glomus, the latter 
receiving its blood supply from the occipital artery. By tying the in- 
ternal carotid and the pharyngeal artery and emptying the common 
carotid, we hoped to abolish the baroceptive impulses; but though 
these were greatly reduced in number there was still a considerable 
number of them left. When the sinus region was kept under normal 
circulatory conditions, it became necessary to compensate for the varia- 
tions in the blood pressure accompanying the injection of drugs, notably 
lobeline. This was achieved bj' a compensatory device, consisting of a 
pressure bottle containing heparinked Ringer solution connected to the 
femoral artery and to a mercury valve and an oxygen pressure cylinder. 
In this way it was also possible to keep the mean blood pressure at a 
convenient level in respect to the intensity of the baroceptor actmty, 
which, during normal blood pressure, would practically exclude detailed 
observations on the chemical activity in the dog. 

In order to study the influence of purely local administrations of 
various solutions on the chemoreceptors, we have prefused the glomus 
region with heparinized arterial dog’s blood under constant pressure 
from a pressure bottle. All branches from the bifurcation, except the 
occipital artery, were tied, and the perfusion cannula inserted in the 
common carotid. The occipital artery, peripheral to the glomus, was 
kept open, in order to ensure a good flow. Usually a pressure of at 
least 100 mm Hg was necessary to make the blood flow at a suitable 
rate from the pressure bottle into the artery. This is in accord -with the 
observations of Winder (1938) and shows that occlusion of the 
common carotid in the (Jog is not necessarily followed by a low pressure 
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m the glomus region or, presumably, an inadequate circulation, even 
if the mternal carotid is ligated. In the perfusion experiments, and 
when the blood pressure regulating device was used, the animal was 
given heparine intravenously in doses of 5 mg pr kg body weight. 

Results. 

At ordinary blood-pressure, the sinus eleotroneurogram in the 
dog shows a massive volley of larger potentials at each systole 
and also a great number of medium-sized and small potentials, 
occurring all the time between the pulse waves. These latter 
potentials could not be abolished by over-ventilation with air or 
pure oxygen, nor could we observe any increase in their frequency 
when the dog was asphyxiated or over-ventilated with gas mix- 
tures low in oxygen or high in carbon dioxide, as long as the pres- 
sure was kept constant. Even after ligating the external carotid 
between the bifurcation and the occipital artery, which greatly 
reduced the number of the pressure potentials, hypoxemia or 
hypercapnia did not give rise to any definite change in the electri- 
cal response. The most likely explanation of this was that the 
chemical potentials must be very much smaller in the dog than 
in the cat. We therefore cut down the nerve into thin filaments 
and led off from these, in order to increase the signal-to-noise 
ratio for the chemical fibres (see Zottebman 1936 and 1939). 
Even so, however, we did not succeed. This strengthened our 
suspicions that the chemical fibres in the dog range down to the 
C-class, according to Erlanger and Gasser's nomenclature. Be- 
fore abandoning the matter, however, we thought it worth while 
to test the effect of some of the most powerful stimuli to the chem- 
ical fibres which are known to produce very strong respiratory 
action, i. e. cyanide and lobeline. In order to reduce the number 
of the intersystolic pressure potentials, the blood pressure was 
kept at 85 mm Hg, with the aid of the compensatory device as 
described under “Methods", and this freed the response from visible 
pressure impulses in the interval between the pulse waves (fig. 1 A). 
Now, an intravenous injection of a small amount of cyanide 
gave rise to a change in the picture as seen in the record (fig. 1 B). 
The gap between the volleys of pressure potentials elicited by 
each pulse wave is now filled with small potentials. It gives the 
picture that might be expected from a mass response of very thin 
fibres, and is obviously the result of a summation of very small 
axone potentials, which would otherwise drown in the basal noise. 
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Fig. 1. Dog, chloraloso. Action potentials from the sinus nerve. Blood pres- 
sure kept constant at 86 mm Hg. A. before and B. after an intravenous injection 
of ml of a weak KCN solution. C. — E, Records from a fine filament of the same 
sinus nerve, G, before and D. after an intravenous injection of 1.5 mg lobeline, 

E. after injection of KCN. 

2 — 'i2219o. Acta phvs. Scandinav. Vol.-i. 
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This electrical activity started immediately before the respiratory 
reflex and continued as long as the respiration was augmented, and 
gradually vanished with the subsidence of the respiratory reflex. 

In order to get better records of these small potentials, the nerve 
was split up into tiny filaments. A record from such a filament, 
in which the number of the larger pressure potentials elicited by 
each pulse wave is greatly reduced, is seen in fig. 1 C, and the ef- 
fects of cyanide and lobeline are seen below (fig. 1 D and E). 

From these records it is evident that cyanide and lobeline pro- 
duce the same type of change in the electric response, i. e. a massive 
discharge of small action potentials, which is consistant with our 
experiences with the cat. The records further show that neither 
lobeline nor cyanide give rise to any change in the discharge of the 
larger action potentials occurring at each pulse wave. 

In a previous report (Euler, Liljestrand and Zottebman 
194:1 h) it was shoum that the cat’s sinus nerve contaioo thin 
fibres, which respond to variations in the intrasinal pressure, but 
are insensitive to chemical stimuli, such as oxygen want, carbon 
dioxide, and synaptotropic substances, such as, for example, lobe- 
line in non-paralyzing concentrations. It seemed therefore of in- 
terest to investigate whether, in the dog, there exist any pressure 
fibres giving rise to potentials of the same small size as those pro- 
duced by lobeline and cyanide. For that purpose we have made 
perfusion experiments on the sinus. A cannula was inserted in 
the common carotid artery, and all arteries except the occipital 
artery were tied above the sinus region. The sinus was perfused 
with oxygenated heparinized dog’s blood. In this experiment the 
nerve preparation happened to be quite free from any of the larger 
pressure potentials. At a perfusion pressure of 100 mm Hg there 
appeared only a fairly small number of small irregularily shaped 
action potentials (fig. 2 A). As will be seen from fig. 2 .C and E, a 
rise in pressure produced a regular increase in this electrical ac- 
tivity, thus demonstrating that the dog’s sinus nerve contains a 
large number of baroceptive fibres of small size. As "will be seen 
from fig. 2 B, an injection of 3 ml of a Ringer solution containing 
10 jug lobeline in the rubber tubing near the cannula produced a 
very massive response of small action potentials. Such a response, 
which is consistent ivith the effect produced by an intravenous 
injection of lobeline, seen above from fig. 1 B, could also be pro- 
duced by cyanide (see tig. 2 D). An injection of 10 //g of acetylcho- 
line elicited a short volley of small potentials in conformity with 




Fig, 2. Dog, chloralose. Action potentials from the sinus nerve ■while perfusing 
the left isolated carotid sinus with oxygenated heparinized blood. In the prepara- 
tion no pressure potentials of large sizes. A. Perfusion pressure 100 mm Hg. B. 
After an injection of 3 ml of a Ringer solution containing 10 (ig of lobeline into the 
perfusion cannula; perfusion pressure 100 mm Hg. C. and D. blood pressure 120 
mm Hg. D. after injection of 3 ml of a weak KCN solution. J5. Perfusion pressure 

180 mm. 
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our experience with the cat (Euler, Liljestrand and Zotter- 
MAN 1941 a). A control injection of 3 cc Binger solution had no 
visible effect. 

These findings naturally raise the question whether the pressure 
and the applied chemical stimuli act on the same kind of fibres, or 
whether each kind of stimulus affects their specific fibres. This 
problem can hardly be solved for the dog by studying the activity 
of single fibres, since their isolated axone potentials are too small. 
We have also failed in our attempts to exclude all the baroceptive 
fibres by ligating the sinus just below the place where the occipital 
artery branches off. There are, nevertheless, a number of facts 
which not only support the view that the small fibres in the sinus 
nerve are of two functionally specific kinds, but .also definitely 
speak against the possibility of identical fibres. 

1) Lobeline and cyanide in weak doses greatly increase respira- 
tion reflexly from the carotid body, whereas a rise in the intra- 
sinusal pressure rather diminishes the respiratory activity. 

2) Lobeline and cyanide increase the systemic blood pressure 
reflexly from the carotid body, while it is lowered by an increase 
of the intrasinusal pressure. 

3) Bouckaert, Dautrebande and Hetmans (1931) and later 
CoMROB and Schmidt (1938) have shown that the baroreceptors 
in the dog do not respond to chemical stimuli. Further, a study 
of the action potentials (Euler, Liljestrand and Zotterman 
1941 b) has shown, that the small baroceptive fibres in the cat 
are stimulated neither by anoxemia, by carbon dioxide nor by 
lobeline and other synaptotropic substances. 

All these facts seem to us to warrant the view that the small 
action potentials in the dog’s sinus nerve derive from two different 
kinds of fibres, one kind specifically reacting to stretch, and the 
other kind to chemical stimuli. 

In order to test the effect of anoxemia on the perfused sinus, 
the blood was exchanged for deoxygenated Einger solution at the 
same pressure. This brought about a small, but quite significant 
increase in the electrical activity (fig. 3), which is in accordance 
with our observations on the cat, that even a high degree of hypo- 
xemia never gives such a strong electrical response from the chem- 
ical fibres as does lobeline. 

Unfortunately the chemical potentials in the dog are too small 
in our records to. allow of a quantitative analysis. Our experiments 
however, have not provided any facts to show that the dog s 
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Fig. 3. Records from the same preparation as in fig. 2. A. Perfusion with 
oxj-genatcd blood, pressure 120 mm Hg. J5. Perfusion with deoxj’genated Ringer 
solution at the same pressure. 

chemoreceptors principally react in any other way than we have 
found to be the case with the cat, for which animal we have pre- 
sented quantitative data (cf Schjudt and Cojiroe 1941). These 
authors criticise the view expressed by Euler and Liljestrand 
(1936), Heyjians and Bouckaert (1938), and Euler, Lilje- 
STRANTU and Zotterjian (1939), that carbon dioxide, under physio- 
logical conditions, reflexly leads to an influence on the ventila- 
tion. "VVe based our opinion upon a quantitative study of the 
relation between the carotid chemoreceptive actmty and the alve- 
olar carbon dioxide in the cat. As our experiments, in agreement 
with Samlaan’s and Stella’s (1935) observations, definitely showed 
that the chemoreceptors start discharging at an alveolar carbon 
dioxide tension just below 30 mm Hg, and that the intensity of 
the response increases rather in direct proportion to the alveolar 
carbon dioxide, we consider it fully justifiable to assume that the 
chemoreceptors of the carotid region cooperate in the physiological 
regulation of respiration by carbon dioxide in the cat. This view 
has been further corroborated by the fact that denervation of 
both sinuses leads to a decrease in the spontaneous ventilation 
accompanied by an increase in the alveolar carbon dioxide, even 
when the animal is breathing oxygen instead of air (Euler and 
Liljestran® 1940). 
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Summary. 

1. The electroneurogram of the dog’s carotid sinus nerve reveals 
a train of potentials of various sizes forming compact volleys at 
each systole. All the larger and medium-sized potentials derive 
from baroceptive fibres. 

2. Apart from the larger potentials, there appears an electrical 
activity built up by axone potentials of very small spike-heights 
in response to both chemical stimuli and intrasinusal pressure. 

3. Evidence is presented to show that these small axone poten- 
tials derive from two functionally different kinds of fibres, one 
kind specifically reacting to intrasinusal pressure, the other kind 
responding to chemical stimuli. 

The expenses of this investigation have been defrayed by grants 
from the Therese and Johan Andersson Memorial Foundation. 
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tilber die reflektorische Beeinflussung 
der Atnmng durcli den endosinualen und 
endoaortalen Brack. 

Von 

H. BJURSTEDT nnd U. S. V. EULER. 

(Eingereicht am 3 April 1942.) 


Neuerdings haben Kjsamer und Gauer (1941) in einer Unter- 
suchung iiber die Arbeitsbyperpnoe diese zum. Teil auf eine Ent- 
lastung der Barorezeptoren im Carotissinusgebiet zuruckgefiilirt. 

Eine Voraussetzung dieser Betracbtungsweise ist allerdings, 
dass die Atmung normalerweise dutch Verminderung des endo- 
Binualen Druckes tatsachlich gesteigert vrird, und zwar reflektorisch 
iiber die drucksensiblen Eezeptoren, d. h. dass die Atmung tonisch 
gehemmt ist. Trotz zahlreicher Untersuchungen iiber dieses Thema 
Bcheint die Frage noch nicht endgiiltig geklart zu sein. 

Atmungshemmung als Folge einer Druckerhohung im Sinusr 
gebiet, und umgekehrt Verstarkung der Atmung nach Druck- 
senkung, Tvie z. B. bei CarotidenabMemmung, ist von_vielen Un- 
tersuchern beschrieben worden (Moissejeff, 1926 — 27, BLey- 
MANS 1928 a, Hering 1929, Heyjians und Bouckaert, 1930, 
Koch und DIark, 1931, Gollwitzer-DIbier und Schulte, 1931 — 
32, Schmidt, 1932, Heymahs, Bouckaert und Dautrebande, 
1932). 

Dutch die Entdeckung der Chemorezeptoren dutch Heymans, 
Bouckaert und Dautrebande (1930) mirde die Frage nach dem 
Auslosungsmechanismus der respiratorischen Eeflexe kompli- 
zierter, da eine Drucksenkung im Sinusgebiet nicht nur eine Ent- 
lastung der Barorezeptoren mitfiibrt, sondern auch die Durch- 
blutungsverhaltnisse im Glomus verandert und zwar in der Eich- 
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tung einer xelativen Hypoxic. Die iiberaus grosse Empfindliclikeit 
des Glomus fiir typoxisclie Erregung (Euler, Liljestrand und 
ZoTTERMAN, 1939) macbt es notwendig, der letzterwalmten Mog- 
iiclikeit besondere Aufmerksamkeit zu widmen (Gayet, Bennati 
und Quivy, 1935, Sajiaan und Stella, 1935, Euler und Lilje- 
STRAND, 1936, 1937). Aus der Literatur gebt ferner bervor, dass 
die atmungsbemmende Wirkung der Druckerbobung im Sinus- 
gebiet bisweilen unbedeutend ist oder feblt (Koch, 1929, Goll- 
witzer-Meier und Schulte, 1931—32, Schmidt, 1932), -wozu 
jedocb bemerkt "werden soli, dass die bierbei reflektoriscb ein- 
tretende, allgemeine Blutdrucksenkung liber die Vago-Depressoren 
antagonistiscb wirken kann. In gewissen Fallen kann sogar eine 
Atmungssteigerung als Folge einer Sinusdruckerbobung erfolgen 
(Schweitzer, 1934—35, Gupta, 1936, Winder, 1937, Euler 
und Liljestrand, 1937). Offenbar beteiligen sicb dabei verscbie- 
denartig wirkende Faktoren. Als Ursacbe fiir die )>paradoxe)> 
Atmungssteigerung bei Carotidendruckerbobung baben die letzt- 
erwabpten Autoren (1. c. Fig. 7) eine Erregung unspezifiscber, 
sensibler Nervenfasern im Carotissinusgebiet angenommen, da 
Eeizung sensibler Kerven in anderen Gebieten einen abnlicben 
Effekt bervorruft. Die Auffassung, dass die Atmungsvermin- 
derung bei Sinusdruckerbobung auf einer Entlastung der Cbemo- 
xezeptoren berubt, wurde dadurcb gestiitzt, dass bei Perfusion des 
Sinusgebiets mit sauerstoffarmem Blut eine Atmungsbemmung 
bei Druckerbobung nicbt mebr zum Vorscbein kam. Die Atmung 
blieb bierbei bocbgradig gesteigert (1. c. S. 200. Siebe aucb ]\Iarri 
und Hauss, 1939). In einer sorgfaltigen Untersucbung bat Winder 
(1938) die Frage beziiglicb des pressorezeptoriscben Atmungs- 
refiexes naber studiert, unter Berucksicbtigung sowobl cbemischer 
Reflexe als durcb den Sinusdruck verursachter Anderungen des 
systemiscben Blutdruckes. Er sucbte die Cbemorezeptoren durcb 
Embolisierung auszuscbalten und benutzte ferner eine kompen- 
satoriscbe Vorricbtung, um den allgemeinen Blutdruck konstant 
zu balten. Ausserdem wurde die Ventilation konstant erbalten 
und die Aternbewegungen quantitativ registriert. Er kam dabei 
zu dem Scblusse, dass ein pressoriscber Atmungsreflex (Debnimgs- 
reflex) tatsacblicb vorkommt. Leider werden keine Beweise dafur 
erbracbt, dass die zirkulatoriscbe Ausscbaltung der Cbemorezep- 
toren vollstandig war (z. B. durcb Priifung mit Oyanid), oder dass 
die Atmungsbemmung nacb Inaktivierung der Pressorezeptoren 
restlos verscbwand. Jedenfalls ist zu verzeicbnen, dass in Win- 
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DERS Versuclien die Erholiting des endosinualen Druckes von 0 
auf 255 mm Hg eine anfangs recht besckeidene Atmungshemmung 
herbeifulirte, die z^rar spater verstarkt inirde (am vagotomierten 
Tier). Wenn es sich um eine pressoreflektorische Hemmnng ban- 
delte, sollte man eber erwarten, dass die Wirlamg anfangs am 
starksten war. Auffallend ist ferner, dass nacb Senkung des endo- 
sinualen Druckes auf 0 die Atmung erst allmablicb auf ibren 
vorigen Umfang zuruckging. Man kann sicb scbwerlicb des 
Yerdachts webren, dass die Zirkulation im Glomusgebiet nicbt 
vollstiindig aufgcbobcn war, und im besonderen dass die steile 
Druckerbobung auf 255 mm Hg neue Blutwege gescbaffen bat 
(bei gleicbzeitiger reflektoriscber Vasodilatation), wodurcb die 
wabrscbeinlicb maximal bypoxiscbe oder aspbyktiscbe Erregung 
der Cbemorezcptoren allmablicb vermindert wurde. 

blit einer abweicbenden Tecbnik baben im 1939 j\Iarri und 
Hauss in Heymans' Institut die Frage erneut angegriffen. Sie 
baben einen umgcstiilpten Venensack (Lim und Chang, 1936) 
im Sinus nacb dem Verfabren von Heymans, Donatelli und 
Shen (1938) cingebracbt und den Sinusdruck mittels Inflation, 
bzw. Deflation des Venensackes verandern konnen. Dabei wurde 
an vagotomierten Tieren scbr ausgesprocbene Atmungshemmung 
bei Druckerbobung rcgistriert, die zweifelsobne auf eine reflek- 
torisohe Erregung der Barorezeptoren zuriickzufubren ist. 

Die Mebrzabl der Vcrsucbe, wo eine deutlicbe Atmungsbem- 
mung durcb erbobten Sinusdruck bervorgerufen ist, sind an vago- 
tomierten Tieren gemacbt. Bei erbaltenen Vago-Depressoren 
bleibt die Wirkung oft aus oder ist umgekebrt. Als TJrsacbe dieser 
Verscbiedenhcit wird meistens angenommen, dass eine antago- 
nistiscbe Wirkung iiber die Vago-Depressoren stattfindet, die von 
der Blutdrucksenkung ausgelost wird. 

In letzterer Zeit baben Bjurstedt und Hesser (1942) die Ein- 
vdrlcung des Sinusdruckes auf die Atmung der Katze studiert 
unter Benutzung voll arterialisierten Heparinblutes als Perfusions- 
fliissigkeit. Sie konnten dabei keine sicbere Wirkimg von Sinus- 
druckveranderungen auf die Atmung bei erbaltenen Vago-Depres- 
soren feststellen. Andererseits spracb die Atmung auf cbemiscbe 
Erregung prompt an. Nacb Ausscbaltung der Vago-Depressoren 
trat dagegen eine deutlicbe Hemmung der Atmung bei Erbobung 
des Perfusionsdruckes ein. 

In Anbetracht der etwas uuklaren Ergebnisse an Hunden und 
des Feblens streng beweisender Versucbe an Tieren mit erbaltenen 
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Vagodepressoren schien es uns von Intresse, die Frage nochmals 
einer Priifung mit teilweise neuer Methodik zu unterwerfen. 


Methodisches. 

Die Versuchstiere waren Hunde von 7—15 kg Gewicht, die mit 10 ml 
1 % Chloralose pro kg Korpergewicht narkotisierfc waren; in einigen 
Fallen mit Zugabe von 1 mg Opiototal Astra (50 % Mo+) pro kg. Die 
Eeflexerregbarkeit der Atmung und des Freislaufs waren in dieser 
Narkose gut erhalten. 

Die Atmung wurde durcb Einschliessen der Tiere in einem Fasten 
pletysmograpbiscb quantitativ registriert. Der Blutdruck wurde in 
der A, femoralis mittels Hg-manometer gemessen. 

Um "VVirkungen seitens Variationen im allgemeinen Blutdruck zu 
vermeideu, wurde in einigen Versucben ein Blutdruckskompensator 



Fig. 1 a. Schematische Darst Ilung der Versuchsanordnung bei Perfusion des 
isolierten Barorezeptorgebietes. a Kaniile in der A. carotis communis, b Sinus, 
0 A. occipitalis mit dem Glomus oaroticum. 1 b. Umgestiilpter Venensack (d) 

im Sinus. 


in das arterielle System eingescbaltet, der aus einer Druckfiasche mit 
arterialisertem Heparinvollblut bestand, die mit der Arteria femoralis 
verbunden war und mittek eines Quecksilberventiles und Sauerstoff- 
druckzylinders auf den gewiinschten Druck eingesteUt werden konnte. 
Es wurde friscbes Rinderblut verwendet, dessen Kompatibilitat mit 
dem Blut des Tieres gepriift wurde. Die Druokflascbe mit dem Blut 
WTirde wabrend des Versucbes auf 38“ gebalten. Die Verbindungs- 
scblaucbe waren kurz und genugend weit, um merkliche Druckgefaile 
zu verbindem. Nabe der Femoraliskaniile wurde eiu Seitenast auf 
der Leitung nacb der Druckfiasche an den Hg-manometer angescblossen. 
Das Auftreten von Pulsationen am Manometerdruck sowie das anfang- 
licben Beibebalten des Blutdruckes des Tieres nacb Abkiemmung der 
Leitung zur Dmckflascbe zeigte, dass der Druckausgleicb schnell und 
voUstandig erfolgte. 

Die Druckvariationen im Sinusgebiet wurden mittels einer in die 
Carotis communis eiugebundenen Kaniile, die ebenfalls mit einer mit 
Blut bescbickten Druckfiasche verbunden war, bewerkstelligt. Da 
eine Wirkung nur auf die Barorezeptoren beabsicbtigt wurde, wurde 
die A. carotis externa unmittelbar oberbalb der Bifurkation abgebunden, 
d. b. vor dem Abgang der den Glomus versorgenden A. occipitalis. 
(CoMROE und ScmiiDT, 1938) (Fig. 1). Die reflektorische Ansprecb- 
barkeit der Barorezeptoren und der Cbemorezeptoren konnte zu jedem 
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beliebigen Zeitpunkt mittels endosinualen Druckvariationen, bzw. 
Atmung einer sauerstoffarmen Gasmischimg gepriift warden. Die 
letztere erfoigte nach Einschalten von Miillerventilen. 

In einem Veraucb wurde ein Venensack nach Heymans, Donatelli 
und Seen, benutzfc, um Druckvariationen im Sinus herbeizufiihren. 


Ergebnisse. 

a) Wirhung von Anderungen des allgemeinen Blutdrticlces bd 
Erhaliung sdmtlicher Druck- und Chemoreze'ptoren. 

Die Wirkung von Erregung oder Entlastung der Druckrezep- 
toren auf die Atmung sollte bei allgemeiner Blutdruckerbobung 
oder -Senkung studiert werden konnen, wobei die Druckan- 
derungen durch Ein- und Auslauf von Blut herbeigefuhrt werden. 
Eine Voraussetzung hierfur ist zwar, dass die Chemorezeptoren 
nichfc in wechselndem Umfange miterregt werden. Dass bei 
Luftatmung eine gewisse »Ruheerregung» der Chemorezeptoren 
stattfindet, ist friiher u. a. von Seldadurai und Wright (1932 — 
33), Euler und Liljestrand (1936, 1940, 1942), Samaan und 
Stella (1935) sowie von Euler, Liljestrand und Zotterman 
(1939) wahrscheinlich gemacht worden, sowohl beziiglich der 
Wirkung von Hypoxie wie von Kohlensaure. Eine reflektoriscke 
Veranderung der Blutdruckstromimg durch den Glomus lasst 
sich zwar in den hier geschilderten Versuchen nicht vermeiden, 
da eine allgemeine Drucksteigerung eine Vasodilatation herbei- 
fiihxt und umgekehrt Drucksenkung Vasokonstriktion verursacht. 
Etwaige Riickwirkungen auf die Chemorezeptoren aus diesem 
Grund konnten aber durch Sauerstoffatmung gewissermassen 
neutralisiert werden. Nur bei niedrigen Drucken besteht dann 
die Gefahr einer hypoxischen Erregung der Chemorezeptoren. 

Bei allgemeiner Druckerhohung trat regelmassig eine gewisse 
Verminderung der Atmung ein, (Fig. 2 A) die aber bei Sauerstoff- 
atmung nur in unbedeutendem Grad verandert wurde. Die 
Atmungshemmung kann deshalb kaum auf eine verbesserte Durch- 
blutung des Glomus zuriickgefiihrt werden. Da aber die allge- 
meine Druckerhohung nebst reflektorischer Vasodilatation auch 
eine Vermehrung der Blutfiillung der Lungen herbeifiihrt, darf es 
nicht iibersehen werden, dass hierdurch ein verstarkter Hering- 
Breuer- Reflex erfolgen kann. Gerade die in der Fig. 2 A zu beob- 
achtende Hemmung der Inspirationsbewegungen bei zunehmender 
Blutfiillung des Tieres ist mit einer solchen Deutung gut vereinbar. 
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Es kann somit die bei allgemeiner Druckerkohung beobacktete 
Atmungsverroinderung, die ausserdem reckt gering ist, nickt mit 
Sickerkeit auf eine pressoreflektoriscke Wirkung in den Aorta- 

und Sinusgebieten zuriickge- 
fiihrfc Tverden. 

b) Wirhung von Anderungen 
des Sinusdrnckes bei er~ 
Jialtenen Baro- md Che- 
morezeptoren unier hon- 
troUiertem allgemeinem 
Blutdruck. 

Versucke dieser Art scheinen 
uns am besten geeignet, der 
Frage nach den Wirkungen 
von Erregung der Barorezep- 
toren des Sinusgebietes auf die 
Atmung naker zu kommen. 
Hierbei werden erstens die fiir 
die Atmung wicktigen Vagus- 
nerven erhalten, wie stets unter 
normalen Bedingungen, und ferner werden etwaige Neben- 
Tvirkungen auf Grund von sekundaren Blutdruckvariationen ver- 
mieden. Die Versucke kaben eindeutig gezeigt, dass auck in 
Tieren, wo die Reflexerregbarkeit sekr hock ist, Sinusdruckvaria- 
tionen okne wesentlicken Einfluss auf die Atmung sind (Fig. 3 A). 
Von einer Hemmung, wie sie in den unten zu beschreibenden 
Versucken unter anderen Versucksbedingungen beobacktet wird, 
ist nickts zu seken; man beobacktet vielmekr meist eine leickte 
Steigerung, wie sie friiker in den Versucken von Euler und 
Liljestranu (1937) und Winder (1937) an nickt vagotomierten 
Tieren gefunden word en ist. Aus diesen Versucken gekt kervor, 
dass eine Antagonistwirkung des Aortagebietes — oder anderer 
reflexogener Gebiete — bei allgemeiner Blutdrucksenkung die 
abweichende Ergebnisse bei erhaltenen Vagi nickt erklaren kann, 

c) Wirkung von Anderungen des allgemeinen Blutdruckes lutch 
Ausschaltung der Vago-Depressoren. 

Wenn die unter a) erwaknten Versucke nack Durcksckneidung 
der Vago-Depressoren (nebst Halssympathicus) wiederkolt wur- 
den, war die Wirkung von systemiscken Blutdrucksvariationen 



Fig. 2. Hunde, Chloralose, ObereKurre 
Atmung, untere Kurve allgemeiner Blut- 
druok. A. Drucksteigerung dutch Blut- 
infusion, beendet bei x. Bei xx Druck- 
senkung duicb BlutausatrSmung. B. naeh 
Durchtrenmmg der Vagi-Depressoren, 
Drucksteigerung und -Senkung dutch Ein- 
und Auslauf von Blut, 
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auf die Atmung kleiner imd mancliinal tmsiciier (Fig. 2 B). Wenn 
jedocli der allgemeine Blutdruck auf niedrige Werte (80 mm Hg 
Oder niedriger) gesenkfc wurde, trat eine Atmungssteigerung ein, 
•walirsclieiiilich als Folge 
einer hypoxischen Erre- 
gung des Glomus caroti- 
cum. Audi zeigte sich. 
bisweilen ein besonders 
auffallender Wirkungs- 
unterschied von Druck- 
variationen bei Luft- oder 
Sauerstoffatmung (Fig. 4, 

A, B). Dies lasst sich, 
vrie oben angefuhrfc, da- 
durch erMaren, dass die 
Sauerstoffversorgung des 
Glomus bei Luffcatmung 
des narkotisierten Tieres 
von dem Durchblutungs- 

stoffatmung kann man 
demgemass den Blut- 
druck auf ein niedrigeres Niveau senken, bevor eine bypoxische 
Erregung des Glomus eintritt. 

Bei dieser Versuchsanordnung fallt bei allgemeiner Druck- 
steigerung durch Bluteinlauf sowohl die durcb Hemmung des 
Vasokonstiiktorentonus verursachte reflektorische Erweiterung 
der Gefasse des Glomusgebietes als aucb der Hering-Breuer'scbe 
Reflex aus. Es diirfte berechtigt seiu, den Wegfall dieser Mo- 
mente in die Erklarung der verminderten Wirkimg einzubezieben. 

d) Wirlcung von Anderungen des endosinualen DrucTces nach 
Ausschdllung der V ago-Defressoren. 

Bei diesen Versucben vrarde wie unter b) nur ein Sinus Druck- 
anderungen ausgesetzt, wabrend der zveite denerviert war. 

In diesen Versucben wurde in Bestiitigung der Befunde friiberer 
Untersucber eine Senkimg der Atmimgsfrequenz regelmassig 
beobacbtet, wobei die Amplitude entweder vermindert, erbobt 
Oder unverandert blieb. Die Frequenzminderung war in der 
Mebrzabl der Falle massig (Fig. 3 B und C), es wurden aber aucb 


druck weitgehend beein- 
flusst wind. Bei Sauer- 



Fig. 3. Hunde, Chloralose. Obere Kurve At- 
mung. B. D. allgemeiner Blutdruck, S. D. endo- 
sinualer Druck. A. Vago-Depressoren erhalten, 
kontrollierter Blutdruck. B. Vago-Depressoren 
durchschnitten, nicht kontrollierter Blutdruck. 

C. Wie B aber kontrollierter Blutdruck. 
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sehr ausgesprochene Wirkungen beobacktet (Fig. 5), Ob Merbei 
der allgemeine Blutdruck konstant gehalten wurde oder nicbt, 
scMen fiix den Effekt wenig von Belang ?u sein. Vollkommen 
ahnlicb verliefen die Versuche bei Verwendung eines umgestiilpten 
Venensackes nack Heymans, Donatelli und Seen, 

Ein keeihtracbtigender Eaktor ware bier nur die durcb passive 
Mebrdurcbblutung (nacb Diircbscbneidung des Halssympatbicus) 



Fig. 4. Hunde, ChJoralose. Obere Kurve Atmung, untere Kurve aUgemeiner 
Blutdruck, durch Ein- imd Auslatif von Blut kontroUiert. Vago-Depressoren 
durchsohhitten. A. Sauerstoffatmung. B. Luftatmung. 0. naoh Entnervung 
beider Sinusgebiete. Bei t Einatmung von 6,2 % 0, in Stickstoff Btatt Sauerstoff. 


verursacbte Veranderung der Duicbstromungsverbaltnisse im 
Glomusgebiet, die desbalb besonders beeinflussbar waren, weil die 
Durcbblutung aus dem Externagebiet geregelt wird, das selbst 
retrograd versorgt wird. Da Oj-Atmung am Atmungseffekfc der 
Drucksteigerung kanm etwas anderte, glauben wir indessen dass 
der Effekt reflektoriscb fiber die Barorezeptoren zustande 
kommt. 

e) Wirkunff von Anderiingen des systemischen Blutdruckes bei 
ausgeschalteten Baro- und Ckemorezeptoren. 

Die oft geringffigigen Atmungsreaktionen bei Variationen im 
allgemeinen Blutdruck nacb Durcbtrennung der Vagodepressoren 
(c) konnen ja nur dann als spezifiscb bedingt angeseben werden, 
wenn die Wirkung nacb Ausscbaltung der reflexogenen Gebiete 
verscbwindet. Dies war aber nicht der Fall, obschon die Voll- 
standigkeit der Denervation eingebend gepruft wurde (Fig. 4 C). 
Nacb der Ausscbaltung der reflexogenen Aorta- und Sinusgebiete 
war die Atmung in der Kegel vermindert, wie Euler und Lilje- 
STRAND (1940) gezeigt baben. Erbobung des allgemeinen Blut- 
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druckes filhrte auch jetzt eine leickte Verminderimg der Atmung 
herbei, was moglicberweise auf einer Erhohimg des iatrakranialeii 
Druckes berubt (Heymans, 1928 b). 

Besprechung. 

Es stebt ausser Zweifel, dass in vielen Fallen, wo eine lokale 
Dmckanderung im Sinusgebiet eine Veranderung der Atmung 
hervorgerufen bat, diese zum Teil auf die Durcbblutungsverhalt- 
nisse im Glomus zuriickzufiibren ist, 
was ja mit Kenntnis der bohen Em- 
pfindlicbkeit der Cbemorezeptoren fiir 
die Sauerstoffversorgung nicbt iiber- 
rascbend ist. Anderseits scheint die 
von mebreren Autoren beobacbtete 
Hemmung der Atmung bei Sinus- 
druckerbohung — besonders in den 
Versucben von lilARRi und Hauss — 
auf eine reflektoriscbe Wirkung uber 
die Barozeptoren zu beruhen. Die uns 
zunachst interessierende Frage war 
die, ob unter normalen Bedingungen, 
d. h. bei erbaltenen Vagi, diese Wir- 
kung sicb geltend macben kann? Wir 
baben indessen keine Zeicben dafiir 
finden konnen; im Gegenteil fanden 
wir in Bestatigung von Euler und Liljestrand (1937) und Win- 
der (1937) oft eine Steigerung der Atmung bei Sinusdruckerbobung, 
obne dass eine Antagonistwirkung anderer reflexogener Zonen in 
unseren Versucben mitspielen konnte. Wie aus den vorliegenden 
Versucben bervorgebt, scheint- die Ursacbe der wddersprecbenden 
Eesultate darin zu liegen, dass in denjenigen Versucben, wo die 
Sinusdruckbemmung einwandfrei demonstriert worden ist, immer 
die Vago-Depressoren durcbtrennt waren. Wenn in ein und dem- 
selben Versucb der Sinusdruck einerseits bei erbaltenen und 
andererseits bei durcbscbnittenen Vago-Depressoren erbobt wird, 
findet man im ersten Falle keine Wirkung oder eine leichte Fre- 
quenzsteigerung (Fig. 3) und im zweiten Falle regelmassig eine 
Hemmung (Fig 3 und 5), sowobl bei frei gelassenem oder konstant 
gehaltenem allgemeinem Blutdruck. Unsere Fragestellung kann 
desbalb dabin beantwortet werden, dass zwar eine atmungsbem- 



Fig. 5. Hunde, Chloralose. 
Obere Kurve Atmung, S. D. 
endosinunler Druck, B.D.allge- 
meiner Blutdruck, duroli Kom- 
pensatorvorrichtung konstant 
gehalten. 
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mende Wirkung von endosinualer Druckerlioliung sick unter 
besonderen Umstanden (Anssckaltung der Vago-Depressoren) 
nackweisen lasst, dass aber normalerweise keine solcke Wirkung 
die Atmung merklick beeinflusst. Hieraus folgfc, dass unter pky- 
siologiscken Bedingungen mit einer Atmungsverstarkurg auf 
Grund einer Entkenunung der Barorezeptoren (Kramer und 
Gauee) nickt zu rechnen ist. 


Znsammenfassnn?. 

1. Allgemeine Blutdrucksteigerung durck Blutinfusion ver- 
minderte die Atmungsamplitude bei unveranderter oder erkokter 
Frequenz am ckloralosierten Hund (Inspirationskemmung). 

2. Nack Durcktrenming der Vago-Depressoren wurde diese 
Wirkung vermisst. Bei mittleren Ausgangsdrucken und Sauer- 
stoffatmung trat eine massige Frequenzminderung bei Druck- 
steigerung zutage, die bei Luftatmung oder bei niedrigen. Aus- 
gangsdrucken, wo die Atmimg von vornkerein erkokt war, ver- 
starkt wurde (Entlastung der Okemorezeptoren). 

3. Lokale endosinuale Druckerkokung rief bei erkaltenen 
Vago-Depressoren keine Atmungshemmung kervor, auck nickt 
bei konstant gekaltenem Blutdruck. Meist wurde eine leickte 
Frequenzzunakme beobacktet, 

4. Lokale endosinuale Druckerkokung nack Durcktrennung 
der Vago-Depressoren rief regelmassig eine Frequenzminderung 
kervor, auck bei konstant gekaltenem Blutdruck. 

5. Die Versucksergebnisse kaben keine Ankaltspunkte dafiir 
gegeben, dass unter normalen Bedingungen die Atmimg von den 
Barorezeptoren im Aorta- und Sinusgebiet reflektorisck beein- 
flusst wird, wie dies nack Durcktrennung der Vago-Depressoren 
der Fall ist. 

Diese Untersuckung wurde aus Mitteln der Stiftung »Tkerese 
ock Jokan Anderssons Minne» unterstutzt. 
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Influence of Oxygen Inhalation on the Chemo- 
receptor Activity of the Sinus Region. 

By 
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(Received 13 April 1942.) 


During spontaneous breathing of air, anaesthetized animals 
often develop a certain degree of desaturation of the arterial blood. 
Thus cats anaesthetized with 0.06 g chloralose per kg intrave- 
nously, which produces an adequate anesthesia for experimental 
operative purposes, showed a saturation of the arterial blood of 
about 90 per cent. This moderate desaturation was sufficient to 
act as a stimulus for the highly sensitive chemoreceptors of the 
carotid sinus region, as shown by the “chemical" impulses in the 
nerve of Hering (Euler, Liljestrand and Zotterman 1939). 
In fact, nerve impulses deriving from the chemoreceptors as a 
result of oxygen want could be recorded even when the saturation 
of the hemoglobin exceeded 90 per cent.^ The local origin of the 
impulses was proved by the fact, among others, that the typical 
action potentials from the sinus nerve were increased, not only 
when a certain degree of desaturation occurred in the circulating 
blood, but also when a purely local asphyxial stimulation was 
produced by clamping the common carotid artery. As stated in 
our paper, it was only possible to keep the response from the nerve 
at a low frequency under these conditions when the cat was 


* The degree of saturation of the arterial blood is an indicator of the arterial 
oxygen pressure, but neither the former nor the latter, as AsjrcsSEif and Cmopi 
(1941) claim, -would, as such, be the' determining factor for the oxygen supply in 
the glomus. Both may, however, conveniently be used as a relative measure when 
the circulatory rate, the oxygen consumption ip the reacting tissues, and the oxygev 
capacity of the blood are unchanged. 
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considerably overventilated vdtb oxygen. ScHracT and Gomroe 
(1940), being unable to confirm these findings in the dog, have 
expressed some doubts as to the interpretation of the results 
obtained by Euler, Liljestrand and Zotterman. In a recent 
paper Euler and Zotterman (1942) have critisized their argu- 
ments and shown that similar results can be obtained in the dog 
with a suitable technique. 

These results are in full accord with our finding (Euler and 
Liljestrand 1940) that the inhalation of oxygen in the anesthe- 
tized cat, as well as in the dog, caused a temporary decrease in 
ventilation, indicating that a stimulus from oxygen want is re- 
moved. If the sinus region had been denervated, oxygen inhalation 
gave no decrease of ventilation. Dumke, Schmidt and Ghiodi 
(1941) also reported in the dog that, in some cases, inhalation of 
oxygen caused transitory respiratory depression, while the che- 
moreceptors were active; after chemoreceptor denervation of the 
sinuses, ox 3 ’’gen inhalation regularly caused stimulation of respira- 
tion. Rudberg (1941) found that the stimulating effect on respira- 
tion of clamping the carotid arteries in cases with low arterial 
pressure was greatly reduced or abolished by oxygen inhalation. 
Reduction of the perfusion pressure in the circulatory isolated 
sinus region also stimulated respiration, as a result of relative 
oxygen lack (Euler and Liljestrand 1937). The experiments 
quoted have proved that a stimulating effect on respiration is 
brought about by a relatively small degree of desaturation of the 
hemoglobin. This paper adduces some fresh evidence on this 
point. 

It is well known that the stimulation of the chemoreceptors in 
the sinus region may influence, not only respiration, but also 
circulation. (Heymans, Bouckaert, Euler and Dautrebande 
1932, Euler and Liljestrand 1936, Winder, Bernthal and 
Weeks 1938, Bouckaert, Gbimson, Heymans and Samaan 
1941). Such effects have been observed during considerable 
hypoxia or hypercapnia, but very little is known about their role, 
when the animals under experimentation have been breathing 
air, thus under approximately physiological conditions. In view 
of the high sensitmty of the chemoreceptors for variations in 
the chemical composition of the blood and the reflex actions 
observed on respiration, it seemed of interest to study whether 
corresponding effects on blood pressure and heart rate could be 
demonstrated. 
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Methods. 

• Cats and dogs were used as experimental animals and anesthetized 
with O.OG and O.i g cUoralose per kg body-weight intravenously. la 
order to reduce shivering in the dogs, which was sometimes rather 
pronounced, barbiturates were mostly given in additional small doses. 

Eespiration was measured quantitatively by means of the body 
plethysmograph described elsewhere (Eulee and Liljestrand 1936). 
Arterial blood pressure was recorded with a Hg-manometer from the 
femoral artery. The pulse rate was measured for a period of 20 — 30 
seconds. 

In most cases the animals were breathing spontaneously through 
M^er valves, permitting the inhalation of various gas mixtures con- 
tained in rubber bags. In order to avoid the initial dilution of the oxy- 
gen when changing from air to oxygen, a second set of Miillet valves, 
previously filled with oxygen, was sometimes used. In this way an 
instantaneous reversal from air to oxygen (or in the opposite direction) 
could be obtained. Sometimes the animals were artificially ventilated 
by a respiration pump, to which gas bags were attached when gas 
mixtures other than air 'Were used. Over- ventilation was careMy 
avoided, and the artificial ventilation was maintained at a constant 
level throughout the experiment. 

Denervation of the sinus region .was accomplished by tying off the 
tissues between the internal and external carotids about 5 mm above 
the bifurcation or by section of the glossopharyngeal nerves centrally 
to the entrance of the sinus nerves. The completeness of the denervation 
was proved by the disappearance of the stimulating effect of 7 per cent 
oxygen in nitrogen on respiration. 


Results. 

L Bespiration. 

' In all experiments where the influence of spontaneous breathing 
of oxygen was studied, a sufficiently long period of air breathing 
was previously maintained at a constant rate and with constant 
ventilation/ ‘When oxygen was given, we regularly obtained a 
decrease in ventilation, as described earlier (Eueer and Lilje- 
STEAND 1940). This reaction was observed in anesthetized cate and 
dogs, and also in decerebrate cats, and consisted in a reduction of 
respiratory frequency and of amplitude as well. The reduction in 
ventilation was often very marked, though generally it did not 
last long, ahd after some minutes the ventilation was only modera- 
tely reduced (cf Euler and Liljestbaot 1940). After 5—10 
minutes it often closely approached the pre-oxygen level (fig. 1 



INFLUENCE OF OXYGEN INHALATION. 


37 


and 2). When air Tvas again admitted, an increase was regularly- 
observed, even if the ventilation tmder the influence of oxygen 
had nearly reached the value before oxj'-gen was given. Thus 
the ventilation with air often exceeded the previous value for air 
before the introduction of oxygen. Part of this excess increase 
subsided in the following minutes. 

The inhibitory action of oxygen breathing was regularly ob- 
served and could be repeated many times in the normal animal. 
After vagotomy this reaction was still present, but denervation 
of the sinus region (-with or without preceding vagotomy) abolished 
it completely. This is shown in fig. 1 0, which also illustrates the 
fact, p^e^^ously described by Selladurai and Wright (1932) 



Pig. 1. Cat, decerebrated. Arrows indicate: A, oxygen after nirj B, air after 
oxygen; C, oxygen after air. Between B and C both sinns regions denervated. 


and Euler and Liljestrand (1936), that sinus denervation redu- 
ces the ventilation -with an increase in alveolar carbon dioxide 
tension. (In the experiment of fig. 2 there was no reduction of 
ventilation after sinus denervation. The gradually developing 
hyperpnoea in this case probably occurred as the result of central 
injuries following a prolonged inhalation of 7 per cent oxygen in 
nitrogen. The figure shows, however, that oxygen breathing is 
without effect on respiration after sinus denervation.) 

There seems to be little doubt that the reduction of respiration 
caused by oxygen is due to a disappearance of stimulating impulses 
from the sinus region. The absence of any corresponding decrease 
in ventilation when the sinus region had been denervated shows 
that this is practically the sole site of origin of such impulses. 
•This means that, under normal experimental conditions -with 
moderately deep anaestesia, the chemoreceptors in the carotid 
glomus are permanently stimulated by oxygen want. This is in 
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complete accord with the results obtained on the action poten- 
tials deri^g from the chemoreceptors in the anaesthetized cat 
(biULER, Liljestrand and Zotterman 1939). The rapid change in 
ventilation when oxygen is given corresponds well to the very 
prompt changes in the electrical response in the sinus nerve ob- 
served in the experiments quoted. 

The depression in respiration caused by spontaneous breathing 
of oxygen is not maintained, as indicated above, either in the cat 



Fig. 2. Dog, chloralose. Upper curves respiration, lower curves blood pressure. 
Arrows indicate: A, oxygen after air; B, air after oxygen; C, oxygen after air. 
Between B and C both sinus regions denervated. Vagodepressors intact. 


or in the dog. It must therefore be concluded that some other 
reaction working in a stimulating direction is brought into play. 
It seems justifiable to assume that one such factor is an increase 
in the carbon dioxide tension of the blood. During the period of 
depressed respiration, the carbon dioxide tension rises. After some 
minutes these factors have to some extent balanced each other, 
and the ventilation becomes constant at a level slightly below 
that during air. The “shooting over" observed when oxygen is 
substituted for air, indicates that the reaction of the regulating 
mechanisms is more rapid for variations in the oxygen pressure 
of the blood than for variations in the carbon dioxide. It is pos- 
sible that the factors mentioned are not the only ones involved 
in this connection. As pointed out by Dumke, Sohjiidt and 



INFLUENCE OF OXYGEN INHALATION. 


39 


Chiodi (1941), an increased excitability of the center must also 
be taken into account. Tbougb no direct proof bas been given 
of sucb an effect, it seems probable from tie fact that oxygen 
breathing after denervation of the glomus is sometimes accompa- 
nied by a slight increase in respiration, instead of a decrease such 
as occurs before denervation. This stimulating effect may be 
regarded as being due to a relief of the relative insufficiency of the 
ox}’‘gen supply to the centers, accentuated by the diminished 
ventilation after sinus denervation. The effects described below 
of oxygen inhalation on blood pressure also speak in this sense. 
It will be necessary, however, to investigate directly whether 
similar conditions exist in respect of the effect of oxygen before 
denervation. 


n. Circulation. 


a) Blood Pressure. 


■\A%ereas the respiratory reactions on oxygen inhalation were 
as a rule very conspicuous, the changes in blood pressure under 
the same conditions were less obvious. This corresponds well with 
the observation that a pronounced hypoxia usually only leads 
to a small increase in blood pressure in the intact animal (Euler 
and Liljestband 1936, JBouckaert, Grimson, Heymans and 
Samaan 1941). 

A typical experiment is given below. 

8. 3, 1942. Gat 5.9 kg, anesthetized with 35 ml 1 % solution of 
cWoralose intravenously. Blood pressure and pulse rate recorded 
from femoral artery. Artificial respiration (after change of gas 
3 minutes elapsed before pressure and pulse recording). 


Time 

0 ' 

4 ' 

8 ' 

12 ' 

16' 

20 ' 


30' 

34' 

38' 

42' 

46' 

50' 


Gas breathed Blood pressure Pulse rate 


air 162 

oxygen 150 

air 152 

oxygen 148 

air 152 

oxygen 150 

Both vagodepressor nerves cut 

air 156 

oxygen 154 

air 162 

o:^gen 150 

air 160 

oxygen 148 


124.5 

121 

124 

119 

124.5 

122.5 


151 

146.5 
149 
145 

144.5 
144.5 



40 


U. S. V, EULER and Q. LIUESTRAND. 


Time 


Gas breathed 


Both sinTises denervated 


110 ' 

114 ' 

118 ' 

122 ' 

126 ' 

130 ' 

134 ' 

138 ' 


air 

oxygen 

air 

oxygen 

air 

oxygen 

air 

oxygen 


Blood pressure Pulse rate 


190 

115 

196 

116,5 

182 

115 

192 

114.5 

162 

115 

184 

114.5 

160 

115 

192 

117.5 


If the artificial ventilation is effected with oxygen instead of 
air, the blood pressure regularly drops a few millimeters. The 
effect is obtained also after section of the vagus nerves, but if 
both sinuses have also been denervated, a rise in the blood pressure 
is obtained after oxygen, which is much greater than the fall 
before the denervation. This rise started immediately the oxygen 
was given, but it took 1 — 2 minutes before it had reached its full 
height. 

Table 1 gives a summary of similar experiments on 12 cats. 
With two exceptions, oxygen always caused a fall of the blood 
pressure. In one of the two exceptional cases the blood pressure 
remained constant during oxygen inhalation, if the animal breathed 
spontaneously. During artificial respiration, however, the usual 
effect was obtained. The other exception showed a small increase 
of the blood pressure during spontaneous inhalation of oxygen. 
The diminution of the blood pressure under the influence of oxygen 
was never great, the maximum being about 10 per cent, on an 
average it only amoimted to 2.2 per cent during spontaneous and 
3. 4 per cent during artificial respiration. 

After vagotomy the effect of oxygen inhalation on the blood 
pressure was practically unaltered. Denervation of the sinuses 
alone or after vagotomy was sometimes without any definite 
influence on the reaction, but it might also lead to a reversal of it, 
so that a more or less considerable rise of the pressure was observed 
after oxygen. This is also illustrated by the experiment in fig. 3, 
which is not included in the table, since the pulse rate was not 
determined. 

In a corresponding experiment on the dog, oxygen inhalation 
also produced a fall in the blood pressure of the intact animal, 
but this effect was enhanced by the denervation of both sinuses, 
as shown in fig. 2. 
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Table 1. 

Percentage Alteration in Blood Pressure and Pulse Bate in Oats, 
when Oxygen is Respired instead of Air. 


8 == spontaneous, a = artificial respiration. 


Date 

N^ormal animal 

After section of 
vago-depressor 
nerves 

After denerva- 
tion, of botli 
sinuses 

^Hj 

Blood 

pressure 

Pulse 

rate 

Blood 

pressure 

Pulse 

rate 

Blood 

pressure 

Pulse 

rate 

Blood 

pressure 

Pulse 

rate 

23. 11.39 

S — 1.5 

— 6.2 


■ 





25.11.39 

s — 0.8 

— 3.5 







28.11.39 

s — 9.8 

— 3.5 







17. 11. 41 

s + 2.2 

— 6.1 







9. 1. 42 

s —1.4 

— 1.7 



s — 5.0 

— 4.7 




a — 7.6 

— 2.6 



a + 7.2 

— 2.9 



10. 1. 42 

s 0 

— 2.0 








a —1.7 

— 5.6 







15. 1. 42 

8 — 2.8 

— 0.5 



s — 1.5 

— 3.1 




a —3.3 

— 2.3 



a — 2.5 

— 1.1 



21.1.42 

8 1.3 

— 4.6 








a — 1.1 

— 1.4 



a “i" 2.0 

— 0.6 

a 4“ 1*2 

— 0.5 

26. 1. 42 

8 — 1.4 

— 0.3 

8 — 2.2 

— 1.6 






a —2.1 

— 2.3 

a — 7.6 

— 2.4 





7. 2.42 

8 — 4.2 

— 4.6 








a — 5.5 

— 1.8 



a 4- 10.0 

— 0.4 

a +29.0 

— 0.6 

26. 2. 42 

a — 4.3 

— 7.6 



a 9.4 

— 1.1 

a + 14.5 

— 1.4 

8. 3. 42 

a ■ — 1.6 

— 2.6 

a — 1.3 

— 1.5 

r 


a + 9.1 

1+ 0.4 


The simplest explanation of the facts observed seems to be 
that the slight hypoxemia present in the anesthetized animal 
breathing air, by its effect on the chemoreceptors of the carotid 
bodies, not only stimulates respiration, but also the vasomotor 
center, so that the blood pressure rises. To some extent this 
is compensated by the baroceptors, and the final result is there- 
fore only a very small increase of the pressure, which is abolished 
when oxygen is given. 

When the vagi are cut, and the sinuses have been denervated, 
oxygen inhalation can only produce a direct effect on the vaso- 
motor center. As has been shown before (Etxler and LiLJESTRANro 
1936), the blood pressure in the cat after sinus denervation decrea- 
ses during hypoxemia, and it seems probable that the slight 
desaturation of the hemoglobin during air breathing may produce 
a similar effect. It is of interest to point out in this connection 
that denervation of the sinus mechanism in the cat usually only 


* — 0.1, if last value for oxygen is discarded. 
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causes a temporary rise in the blood pressure, which is mostly 
followed by a decrease. In the experiment given in detail on p. 39 
a continuous decrease of the blood pressure during air breathing 
in the denervated animal is observed after the primary rise. It 

seems reasonable to as- 
sume that the oxygen 
supply in the vasomotor 
center is somewhat in- 
adequate. Oxygen in- 
halation will then give 
a certain relief, and the 
tone of the vasomotor 
center is increased again. 
In the experiment quoted 
this effect became greater 
as the pressure fell during 
air breathing. 

In the dog the fall in 
blood pressure observed 
after oxygen (fig. 2 0) 
might be explained in a 
corresponding way, as- 
suming that a relative hypoxia is present during spontaneous 
breathing of air. After sinus denervation, oxygen gave a greater 
effect in the same direction as before. That this is due to a previous 
stimulation of the chemoreceptors of the aortic body seems prob- 
able from the facts that hypoxia imder these conditions causes a 
considerable rise in the pressure (Euler and Liljestband 1936), 
whereas a decrease follows on oxygen inhalation, when the vagi 
have been cut before or after the sinus denervation (Lambert 
and Gellhorn 1938). 



Fig. 3. Cat, chloralose. Upper carres respira- 
tion, lower curves blood pressure. At arrows 
oxygen is breathed instead of air. A, before; 
B, after denervation of the sinus region. 


b) Heart rate. 

Stimulation of the baroceptors of the sinus region influence the 
pulse rate as well as the blood pressure, and it seems very probable, 
though it has not been directly proved, that stimulation of the 
chemoreceptors will increase the heart rate, just as well as it may 
elicit a rise in blood pressure, Kespiration of oxygen would then 
abolish the effect. As a matter of fact, Dautrebande and Hal- 
dane (1921) observed a slowing of the heart rate during inhala- 
tion of oxygen in man. 
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From Table 1 it is found that a reduction of the pulse rate during 
oxygen treatment was observed in every case, during spontaneous 
as well as during artificial respiration. The effect is reversible. 
The average decrease is 3.3 per cent. 

A certain decrease in the oxygen effect is probable after vago- 
tomy or sinus denervation; if both have been performed, most 
of the action disappears, but a small effect seems still to be left. 
It must be concluded that the slowing of the pulse rate in conse- 
quence of oxygen inhalation is mainly due to the disappearance of 
the stimulation of the chemoreceptors. 


Summary. 

'\^^len oxygen was substituted for air in anesthetized cats or 
dogs, an almost instantaneous, sometimes very considerable, 
reduction of respiratory rate and amplitude occurred. This effect 
was abolished by denervation of both sinuses and was due to the 
disappearance of a slight oxygen want which stimulated the che- 
moreceptors of the carotid body. After some minutes of oxygen 
breathing the ventilation again closely approximated to the value 
from air breathing. This compensation is partly explained by an 
increased carbon dioxide tension, but a greater excitability of the 
center may also occur. 

Oxygen inhalation under the same conditions usually caused 
a fall in arterial blood pressure, amounting on an average to 2.2 
per cent in the cat. After denervation of both sinuses and section 
of the vagodepressor nerves, oxygen inhalation led to an increased 
blood pressure. It is assumed that the first effect is due to the aboli- 
tion by oxygen of the normal stimulation of the chemoreceptors, 
whereas the second effect is caused by the relief of a central 
depression, caused by hypoxia. 

The pulse rate also decreased, on an average 3.3 per cent in the 
cat, during oxygen inhalation. Most of the effect was abolished 
by section of the vagodepressor nerves and denervation of the 
sinuses. 


The expenses of this investigation have been defrayed by a 
grant from the Therese and Johan Andersson Memorial Founda- 
tion. 
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Inyestigations on Fibrinogen. 

By 

TAGE ASTRUP and SVEN DARLING. 
(Received 26 Febrnary 19d2.) 


Solutions of pure fibrinogen are necessary for the study of 
the blood clotting process. Such solutions are not only necessary 
for investigation of the transformation of fibrinogen into fibrin 
by means of thrombin but are even more necessary for studies 
on the first phase of the blood-coagulation, i, e., the formation 
of thrombin. For demonstration and measurement of the throm- 
bin present, a fibrinogen solution is required, and it is therefore 
necessary that this solution does not contain any substances act- 
ing on the thrombin formation. 

This was realized already by some of the older authors. Indeed, 
fibrinogen is the component in the blood-coagulation which previous 
investigators first tried to isolate in pure form. Especially the well 
known work by Hammaesten (1879, 1880) laid the basis for such 
investigations. A review of the work carried out in this first period 
has been given by Morawttz (1905). 

The fibrinogen and its transformation into fibrin was investigated 
more recently by Wohlisch and coworkers. Wohlisch believes that 
the formation offibrin can be looked upon as a specific and enzymatic 
denaturation of a protein (fibrinogen) and that the thrombin is a 
specific “fibrinogen denaturase”. Concerning these investigations ex- 
cellent reviews are given by "Wohlisch (1929, 1940). Also Fischer 
(1935) regards the reaction as an denaturation process. Thus the study 
of the fibrin formation concerns both the chemistry of enzymes and the 
chemistry of proteins. 

As is well known, fibrin is formed when thrombin acts on fibrinogen. 
Some earlier authors assumed that fibrinogen could be transformed 
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into fibrin by the action of thrombokinase (thromboplastin). But it 
has been definitely shown, especially by Smith, Warner and Brink- 
HOtrs (1934) and Quick (1936), that the classical theory of the blood- 
coagulation mechanism, as suggested by Alexander Schmidt, Ham- 
MARSTEN, Morawitz, Fuld and Spiro, is correct, and that pure fibri- 
nogen cannot be clotted by a thrombokinase solution containing no 
thrombin (cf. also Ferguson (1931)). 

Fibrinogen solutions serviceable for such investigations must 
be free from prothrombin, as in the presence of calcium ions the 
prothrombin will be transformed into thrombin by the thrombo- 
kinase and thus cause the fibrinogen solution to clot. For removal 
of the prothrombin from the fibrinogen solution, repeated preci- 
pitations of the fibrinogen by salts or acids have been used by 
different authors, but without giving reliable results, (Smith, 
Warner and Brinkhous (1934)). Also the improved method 
by Schmitz (1933 b) does not always give a prothrombin-free 
product causing no clotting on addition* of calcium ions and 
thrombokinase, (Fischer (1936) and Astrup (1939)). 

Complete removal of the prothrombin has hitherto been ob- 
tained only by employment of an absorbing substance. Bordet, 
as the first, showed that prothrombin can be removed in this way. 
In a paper, which is a model of scientific investigation and gives 
the reader a great pleasure, it is shown that calcium fluoride 
adsorbs prothrombin from plasma (Bordet and Gengou (1904)). 
Other substances have the same ability in a varying degree. 
Bordet also uses barium sulphate (Bordet and Delange (1912)) 
for the purpose and comes to the conclusion that purified fibrino- 
gen does not react with thrombokinase, and that the conflicting 
results obtained by some other authors are due to impure 
fibrinogen solutions (Bordet and Delange (1914 a)). In the 
last-mentioned paper tricalcium phosphate is used for the first 
time as an absorbent. In the later papers of Bordet this substance 
is preferred (Bordet and Delange (1914 b) and Bordet (1919, 
1920). By the absorption also traces of thrombokinase are re- 
moved. 

Others authors have used the principle of Bordet for obtaining 
prothrombin-free plasma and fibrinogen. Tricalcium phosphate was 
used by Sumner (1922), Wiemer (1929), Wohlisoh and Juhling 
(1938) and Astrup (1938, 1941 a). Also other substances have been 
used, namely: magnesium hydroxide (Fuchs (1930), Smith, Warner 
and Brinehous (1934)) and aluminium hydroxide (Quick (1936), 
Ferguson (1938)). 



INVESTIGATIONS ON EIBRINOQBN. 


i7 

Kbrinogen is a rather unstable substance ■which can easily be 
denatured by simple physical and chemical measures. Therefore 
there is no generally accepted method for the preparation of fibril 
nogen, and almost every investigator has used his own. These 
methods use two principles for the isolation, either a precipitation 
by saturated salt solutions or a precipitation after dilution with 
distilled water and addition of acid. The first-mentioned prin- 
ciple is the most commonly used, especially in the method de- 
scribed by Hammaksten (1879) with employment of 1 vol. of 
saturated NaGl. A fibrinogen solution prepared according to 
this method generally is known as Hammarsten fibrinogen. 
The other principle has been used especially by J. . Mellanby 
(1909) (Mellanby fibrinogen) but had already been described 
earlier, cf. Hammarsten (1879). 

1. Precipitation of Fibrinogen. 

In order to obtain an idea of the conditions for precipitating 
the fibrinogen, the method of Schmitz (1933 a) is used for the 
qualitative investigation of protein solutions. According to this, 
increasing amounts of ammonium sulphate are added to the 
protein solution and the resulting turbidity is measured in a 
Zeiss Pulfrich nephelometer, Schmitz (1933 b) himself used this 
method for investigation of fibrinogen. 

The precipitation is investigated on plasma of horse, ox and 
chicken to which potassium oxalate or sodium citrate has been 
added. Also the corresponding plasma from which the prothrom- 
bin has been removed by absorption on tricalcium phosphate, 
as described before (Astbup 1938), is investigated. This plasma 
is called Boedet plasma. For the precipitation, saturated solu- 
tions of ammonium sulphate and sodium chloride are used. 

The precipitation curves obtained for oxalated plasma, citrated 
plasma and Boedet plasma from the same species do not show 
any difference, as the precipitation limits for fibrinogen, globulin 
and albumin are the same in the three cases. For the different 
species the precipitation limits are with ammonium sulphate: 
for horse fibrinogen, 25 per cent saturation; for ox fibrinogen, 
30 per cent saturation; and for chicken fibrinogen, 35 — 10 per 
cent saturation. vSome typical curves are shown in Fig. 1. It is 
interesting that the apex for maximal precipitation of fibrinogen 
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is relatively iigher for chicken plasma than for horse and ox 
plasma. Also the differences in the precipitation limits indicate 
chemical differences in the fibrinogen from different species. 



Pig. 1. Precipitation curves of different plasmas using ammonium sulphate: 
Chicken oxalate plasma, diluted 4 times. Citrate plasma from horse, diluted 5 
times. Oxalated plasma from ox, diluted 4 times. 

The curves obtained by precipitation with saturated NaCl 
do not show any maxima. Two such could be expected, namely 
one for fibrinogen and the other for globulin. Albumin should 
not give any precipitation with sodium chloride. Curves of the 
type shown in Kg. 2 are obtained, however. 

From these curves the limits for precipitating fibrinogen can 
be determined only very roughly. Sodium chloride is therefore 
not suitable for investigations after the method of Schmitz. 
ScHMTZ himself (1937) has investigated precipitation curves of 
protein by using different salts, and finds, that ammonium sul- 
phate is best suited for the pui^ose. Surely, therefore, it is not a 
matter of accident that ammonium sulphate is the salt most 
commonly used for precipitation of proteins. From the curves 
it is seen that horse fibrinogen, which, according to Hamjlarsten, 
js precipitated by half saturation with sodium chloride, first gives 
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a considerable turbidity at 0.6— 0.7 saturation. This shows the 
unsuitability of sodium chloride for studies on the precipitation 
after the method of Schmitz — the reasons for this will be 
discussed later. 



Fig. 2. Precipitation, curves of different plasmas using sodium chloride: Chicken 
plasma. Horse citrate plasma. Bobdet plasma from ox. 


2. Pariflcation Experiments. 

Fibrinogen solutions are now prepared by different methods 
as described in the literature. Precipitation curves are obtained 
both with ammonium sulphate and with sodium chloride. Sodium 
chloride gives just as poor results here as when used on the plasma 
and shall therefore not be discussed. Schmitz, using horse fibri- 
nogen, has made a similar investigation (ScHmiz (1933 b)) and 
comes the result that fibrinogen precipitated according to Ham- 
MAESTEN is very impure and does not seem to be amenable to 
further purification by salt precipitation. 

Fibrinogen from horse, ox and chicken is now investigated. 
Only the experiments with ox fibrinogen will be mentioned, as 
orfy this is used for the later experiments. Usually Bobdet 
plasma IS used as starting material in order to get rid of pro- 
thrombin and thrombokinase. 

^ Acta phys. Scandinav. Yol.4. 
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A. Mellanby jPibrinogen. 

Mellanby fibrinogen is prepared from ox plasma as described before 
(Astrtjp and Darling (1940, 1941)) after the method of Mellanby 
(1931). The resulting product gives the precipitation curves shown in 
Pig. 3. Fot comparison also a curve is shown for chicken fibrinogenj 
prepared as described before (Astrup (1938)) according to Mellanby 

(1909). The two curves 
show large differences. 
While the chicken-Mellan- 
by-fibrinogen seems to be 
a rather pure fibrinogen, 
this is not the case with ox 
fibrinogen which contains 
large amounts of other glo- 
bulins. This undoubtedly 
is due to the different dis- 
tribution of the proteins in 
the two plasmas which al- 
ready has been expressed 
in the curves in Pig. 1. 

The precipitation curves 
obtained by using Bordet 
plasma show the same 
distribution of proteins 
as the plasma not treated 
with tricalcium phos- 
phate, which shows the 
minimal action of the 
adsorbing agent on the 
plasma • except to remove 
3. Precipitation curves of MniiANBr prothrombin and throm- 
fibririogens. bokinase. 



Fig. 


B. Hammarsten-Pibrinogen. 

The method of HammArsten for precipitation of fibrinogen by half 
saturation with sodium chloride has found extensive use, and since 
its appearance it has undergone only minor modifications; such as 
precipitation at low temperature and at a slightly acid reaction, cf. 
Florkin (1930). 

It is well known, however, that the method of Hamjiarsten is best 
performed on horse, plasma, while plasma from other species often 
gives unsatisfactory results. Especially ox plasma gives poor yields 
and it is necessary to add more sodium chloride, acid or other salts 
(cf. Mora WITZ (1904), Huiskasip (1905) and Wohlisoh (1924))- Ac- 
cording to WoHLiscH (1925) this is due to differences between the dif- 
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ferent fibrinogens and not to influences caused by some accompanying 
substances. Tbe precipitation of various fibrinogens bas been investi- 
gated by Davibe (1925) and was found to be very different (cf. also 
Astrue (1941 b), Astruf and Darling (1942)). Hammarsten binoself 
(1879) mentions that the method can be used on ox plasma, but it 
must be remembered that in his original investigations he used plasma 
to which Vs saturated magnesium sulphate solution had been 

added. . . 

Our investigations also show that ox plasma canmot be precipitated 
satisfactorily with 1 vol. of saturated sodimn chloride solution. By the 


addition of diluted acid to 
the mixture, however, a 
precipitate is formed. The 
precipitate contains more 
fibrinogen the more acid 
has been used. At the 
same time the content of 
other proteins is also in- 
creased and the purity, of 
the precipitated fibrino- 
gen is decreased. It is 
possible, however, to find 
a pH value (i. e. 4.6) 
where a single precipita- 
tion gives both a satis- 
factory yield and a. good 
purity. The curve of such 
a fibrinogen is shown in 
Fig, 4, 

On Fig. 4 also the curve 



for a chicken fibrinogen Fig. 4. Precipitation curves of Hammaesten 
prepared in a similar way fibrinogens. 

(pH about 6) is shown. 


The curves show that the fibrinogen solutions are rather pure and 
the method of Hammarsten seems not to give complicated mixtures 
as found by ScHjirrz (1933 b). 

Fibrinogen solutions were also prepared by first precipitating the 
plasma according to Mellanby and then reprecipitate with sodium 
chloride. Solutions were obtained which according to the precipitation 
curves and corresponding to the amount of fibrin found by addition 
of thrombin seemed to be of a greater purity than the preceding solu- 
tions. ./ f ^ 


By further examination of the fibrinogen solutions prepared it is 
found however that their stability is very poor, and Mellanby fibrinogen 
seems to be the most ^stable. Probably therefore dilution and acidi- 
ficafaon make the fibrinogen labile. It was also found that the purity 
of tte products obtained was highly dependent on an accurate ad- 
justment of the degree of acidity. Therefore the methods mentioned 
are not smtable for the precipitation of fibrinogen solutions which are 
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to be^ used for -further mvestigation. Products prepared by precipita- 

Siogei!**° ^ “‘“’’‘‘‘‘J' of “M precipitated 


c. Ammonium Sulphate Fibrinogen. 

known that ammonium sulphate is the salt most used for 
precipitation and fractionation of protein solutions. Also for the pre- 
cipitation of fibrmogen it has been much used, and it has the ad- 
vantage that fibrmogen can be precipitated in plasma from different 
species at about the same concentration of the salt and at neutral 
reaction. 

WoHLiscH (1940) recommends for precipitation of ammonium sul- 
phate fibrmogen the method described by McIiEan (1920). McLean 
woAed with dog plasma and obtained, good results by precipitation 
with 0.25 vol. saturated ammonium sulphate (20 per cent saturation). 
According to Htoemann (1940) this method, used on horse and ox 
plasma, gives a fibrinogen which is so pure that it is unnecessary to 
remove prothrombin by absorbtion. In our studies on ox fibrinogen 
we have also tried the method described by McLean, but with- 
out obtaining satisfactory 
results as only a fraction 
of the fibrinogen is pre- 
cipitated. 

A precipitation with 28 
per cent saturation gave 
good results. Fig. 5 shows 
the precipitation curve for 
such a fibrinogen solu- 
tion prepared from Bordet 
plasma from ox by pre- 
cipitation at 0.28 satura- 
tion with ammonium 
sulphate and reprecipita- 
tion. It is seen that the 
curve shows a very satis- 
factory appearance which 
suggests the presence of 
only very small amounts 
of other proteins. 

The fibrinogen just pre- 
pared showed greater 
stability than the afore- 
mentioned preparations, 

^ tf method was 

. therefore nsedforthefinal 
5. Precipitation curve of fibrinogen prepared preparation of fibrinogen, 
by ammoniuni sulphate precipitation. The greater stability of 
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the ammonium sulphate-precipitated fibrinogen is in accordance with 
the experiences of Ferguson and Erickson (1939), while v. Farkas 
and GroAk (1929) find that sodium chloride produces less denatura- 
tion. It is to be mentioned, however, that the first mentioned authors 
worked with dog plasma and the last-mentioned with human plasma. 


3. Preparation of Ox Fibrinogen. 

Based on the- preceding investigations and later experiences 
the preparations of ox fibrinogen then is as follows: 

A. Bordet Plasma. 

To 40 ml of a 10 per cent solution of CaClj sicc. are added 
40 ml of a 10 per cent solution of trisodium phosphate. After 
stirring it is centrifuged for t-wo minutes. The precipitate is then 
•washed on the centrifuge three times •with distilled •water and then 
three times •with physiological NaCl. Then 32 ml of physiological 
XaCl are added and the precipitate suspended herein. 

25 ml of the suspension are added to 150 ml of oxalated ox plas- 
ma -which is made neutral on litmus paper by adding 1-n HCl. 
After standing for 15 minutes -with occasional stirring it is centri- 
fuged and, after neutralization, 25 ml of the suspension are 
again added to the supernatant. After standing for one hour 
with occasional stirring it is again centrifuged and neutralized, 
(pH 7.0 — 7.5). The resulting Bordet plasma is kept at 0°. 

B. Ox Fibrinogen. 

To 100 ml of Bordet plasma 150 ml of distilled water are added 
and the fibrinogen is then precipitated with 100 ml of saturated 
ammonium sulphate. All solutions are cooled to 0°. The addition 
of ammonium sulphate is carried out slowly through a funnel 
with its tip under the surface of the plasma solution and with 
stirring. After 15 minutes the mixture is centrifuged. The super- 
natant fluid is poured off, and the remaining solution is removed 
by a strip of filter paper. The precipitate is then dissolved in 50 
ml of physiological NaCl and after centrifugation, in order to 
remove some insoluble material, diluted to 100 ml -with distilled 
water. It is again precipitated with 40 ml. of saturated ammonimn 
sulphate and after centrifugation the precipitate is dissolved in 
45 ml of 2 per cent NaOl. The solution is centrifuged and then 
dialvsed in a cellophan casing for 24 hours at 0° against 2 per 
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cent sodium cHoride containing 0,1 per cent potassium oxalate. 
Tie fibrinogen solution then gives practically no reaction with 
ITesslers reagent. It is kept at 0° in the cellophan casing, and 
before its use, it is diluted 3 — 5 times with physiological sodium 
chloride, distilled water or buffer solution. 

This fibrinogen solution is as a rule stable for 10 — M days when 
kept in the dialyzing membrane surrounded by 2 per cent oxalated 
sodium chloride. It odes hot clot by addition of CaClg and thrombqki- 
nase. The absorption and precipitation must be carried out at about 
neutral reaction in order to obtain stable and reliable preparations. 
If possible, the ox plasma should not be used fresh but after standing 
for 24 hours before the preparation of Bordet plasma, as a thrombo- 
kinase-containing precipitate is formed, which can be discarded after 
centrifugation. When using chicken plasma (Astrxjp (1938)) trical- 
cium phosphate was only added once, but when oxalated ox plasma 
was used, two separated additions of tricalcium phosphate gave better 
results. This is possibly due to the content of oxalate. By dilution 
of the: Bordet plasma with water before the precipitation, the precipi- 
tation of other proteins is decreased so that a purer product is obtained. 
The tricaldium phosphate should be fresh precipitated (cf Wiemer 
(1929)). Prothrombin cannot be removed from a fibrinogen solution by 
adding tricalcium phosphate, as the fibrinogen under these conditions 
is also .partially adsorbed. The same phenomenon has also been noticed 
in the case of aluminium hydroxide by Pergdson and Erickson (1939). 
Using magnesium hydroxide, however, it seems possible to remove 
prothrombin from purified fibrinogen solutions, Seegers, Smith, 
Warner a'nd Brinkhods (1938). The conditions for adsorbing pro- 
thrombin are therefore not the same in plasma as in solutions = of fibn- 
nogen. The presence of salts (2 per cent NaCl) increases to a high degree 
the stability of the fibrinogen solutions. This was mentioned by 
WoHLiscH (1924) and by v. Parkas and Gr'oAk (1929) and is used by 
Thordarson (1940) for preparation- of fibrinogen solutions. 


4. Fibrinogen and Thrombin. 

The ability of the fibrinogen solutions to react -with thrombin 
determines the • usefulness of the prepared solution. Previously 
we have measured the potency of thrombin by its ability to clot 
oxalated ox plasma (Astrup and Darling), (1940, 1941)). Sub- 
sequently, however, it was found that plasma is not suitable 
for such measurements, a's the individual variations are too large 
and the relationship is not always linear. Therefore .it has been 
necessary to choose a thrombin preparation as standard for the 
comparison and measurement of other thrombin preparations. 
The potency of the standard so chosen was put at 12,000 thrombin 
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units (T. U.) per g of substance. Fibrinogen solutions sbow some 
other advantages for the measurement of thrombin compared 
v-ith plasma, as it is easier to determine the accurate clotting 
time, and as it reacts more readily -with thrombin. Nole (1919) 
has already, dravn attention to this point. Seegees, Beinkhotts, 
Smith and Waener (1938) measure the potency of their thrombin 
preparations on fibrinogen (cf. also Seegees (1940)). 

The action of tlirombin on fibrinogen prepared according to 
Mellanby was compared ■with the action on fibrinogen precipi- 
tated by ammonium sulphate. The measurements -were carried 
nut in principle as described before (Astrup and Darling, (1941)). 
In a clotting tube 0.10 ml of a thrombin solution was placed, 
then 1.0 ml of ice-cold fibrinogen solution was added and the 
mixture was placed in a water bath at 37°. The clotting moment 
is the moment when the formation of fibrin is first-observed. This 
moment can be very accurately determined when the tube is 
gently shaked. Exact observation of the formation of fibrin 
strands requires the use of a transparent water bath. The measure- 
ments show, that there is a considerable difference in the action 
of thrombin on JIellanby fibrinogen and on ammonium sulphate- 
precipitated fibrinogen. "When a curve is dra'wn ■nith the concen- 
tration of thrombin as abscissa and the reciprocal of the clotting 
time as ordinate, Mellanby fibrinogen gives no linear relationship 
but a curved line. For ammonium sulphate-precipitated fibri- 
nogen a straight line passing through zero is found. Only -with 
the last mentioned fibrinogen the concentration of thrombin 
and the clotting time are inversely proportional. The cause of 
this is possibly that the Mellanby fibrinogen, as shown in the 
earlier mentioned precipitation curves, contains considerable 
amounts of other proteins (glpbulins). In Fig. 6 examples of such 
curves are shown. The amount of thrombin expressed in per cent 
of the original solution is given as abscissa -with the clotting time 
expressed in reciprocal minutes as ordinate. 

From the curves it is seen that Mellanby fibrinogen is unsu-t- 
able for measurement of thrombin acti'vity while the ammonium 
sulphate precipitated fibrinogen is very suitable. 

The determination of the potency of a thrombin preparation 
is then carried out as follows: 

50 mg of the thrombin used as standard are dissolved in 15 ml 
of physiological NaCl with addition of one drop of octyl alcohol. 
The solution contains 40 thrombin units (T. U.) per ml. By 
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Fig. 0. Action of tLrombin on ox fibrinogen prepared 
according to MEiiANsy or by ammonium sulpbate 
precipitation. 


diluting this thrombin 
solution a curve, as 
shown in Fig. 6, is 
determined in the 
usual way. After 
drawing a straight line 
through the points on 
the curve, its slope 
is determined (by 
measuring the ordinate 
for the original solu- 
tion, i. e., 100 per cent 
thrombin) in reciprocal 
minutes (x). In the 
same way a curve for 
the unknown thrombin 
solution is determined, 
and the corresponding 
slope measured (y re- 
ciprocal minutes). The 
potency c of the un- 
known solution is found 
from the equation 


40 • Y 

c ~ T. U. per ml 

X 


As the clotting of fibrinogen is very sensitive for even small 
alterations of the pH value and of the salt concentration of the 
soludon (Astrot 1941 b)), it is not possible with satisfactory 
accuracy to set up any definite thrombin standard from the 
clotting time of a fibrinogen solution. It is fortunate, therefore, 
that a dry preparation of thrombin has sho^vn a very good dura- 
bility. Such a preparation has now been used for almost two 
years without any deterioration. The use of fibrinogen solutions 
for determination of tluombin has been discussed by Atzler 
(1929). 

5. The Solubility of Fibrinogen. 

The solubility of fibrinogen has in particular been investigated 
by Florkin (19.30). He uses horse fibrinogen which he dissolves 
in potassium chloride, potassium phosphate and ammonium 
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phosphate. From the solubility curves he draws the conclusion, 
that fibrinogen is a homogeneous substance. Fibrinogen was con- 
sidered a single, well-defined substance, until investigations by 
V. Fakkas and Groak (1929) and Kylin and Paulsen (1936) 
seemed to show that different fibrinogens existed in blood plasma. 
SxENHAGEN (1938), however, using the Tiselius method for 
electrophoretic investigations, found only one single definite 
substance. Also the precipitation curves (fig. 4 and 5) found in 
the present investigations suggest that it is a single component, 
though by these curves it is not possible to distinguish between 
closely related substances. 

In fig. 1 and 2 there was a remarkable difference between the 
character of the ammonium sulphate curves and the sodium 
chloride curves, as the last-mentioned curves gave no definite 
limits for the precipitation. In the determinations, 10 ml of salt 
solution was used to 0.1 ml of a more or less diluted plasma. The 
amount of proteins Avas therefore slight in relation to the large 
amount of precipitating solution. Even a low solubility of the 
proteins in the sodium chloride solution will suffice to explain 
the poor results. The solubility of fibrinogen in half saturated 
soditun chloride ivas therefore investigated. In a series of tubes 
5 ml of ox plasma arc pipetted. Varying amounts of AA'ater and 
of saturated sodium chloride are added so that the mi-xture 
ahvaj's is 0.6 saturated Avith NaCl. The precipitated fibrinogen is 
removed by centrifugation and dissolved in 2 ml of distilled 
water. A defim'tc amount of a thrombin solution is added, and 
the mixture stands at 0° untill the next day, when the fibrin 
formed is removed. The precipitated fibrinogen is then determined 
as the difference between the total nitrogen content of the solu- 
tion and the nitrogen content after removal of fibrin. The results 
are .shown in Table 1. 


Table 1. 


PlBEintt 

H,0 

Saturated 

NaCl 

Total-N 

Rcst-N + 
Throm- 
bin-N 

Throm- 

bin-N 

Fibrino- 

gen-N 

ml 

ml 

ml 

mt; 

mp 

mg 

mg 

5.0 

O.o 

5.0 

2.C74 

2.312 


0.4 8 fi 

5.0 

5.0 

lO.O 

1.480 

1.190 



5.0 

lO.O 

15.0 

0.824 

0.C85 


0.213 

5.0 

15.0 

20.0 

0.448 

0.418 
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From tHs Table it is seen that tbe amount of precipitated 
fibrinogen stows a decrease, proportional with the increasing 
amounts of tbe solution, to such an extent that the amount of 
fibrinogen dissolved imder the experimental conditions is large 
in proportion to the total amoimt of fibrinogen. Obviously it is 
therefore impossible to obtain good precipitation curves by 
using sodium chloride solutions, as the conditions for precipita- 
tion of fibrinogen here are even more imfavourable. It is evident, 
that it is necessary when judging precipitation curves of proteins 
obtained according to Schmitz, to take into consideration a 
possible solubility of the protein in the precipitating salt solution. 
Ammonium sulphate appears to offer the most favourable condi- 
tions for precipitation. 


Summary. 

1. The precipitation limits for fibrinogen have been studied 
under various conditions. 

2. The purification of fibrinogen solutions has been investigated 
and a method for the preparation of a purified prothrombin-free 
fibrinogen solution from ox: plasma is described. 

3. The measurement of thrombin by employment of ammonium 
sulphate precipitated fibrinogen has been described, Mellanby 
fibrinogen is unsuitable for measuring of thrombin. 

i. Fibrinogen shows rather high solubility in half-saturated 
sodium chloride. 

This work was aided by grants from “Danmarks tekniske 
Hojskoles Fond for teknisk Kemi” and from "Lovens kemiske 
Fabrik”, Copenhagen. 
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The Influence of Ergotamine on the Action 
of Ephedriiie and Sympatol on the 
Isolated Rat’s Intestine. 

By 

BORJE EMILSSON. 

(Received 27 February 1942.) 


It has been shown (Emilsson 194:2) that previous addition of 
ergotamine does not abolish the inhibiting action of ephedrine and 
sympatol on the isolated rabbit’s small intestine. As Benigni 
(1930 — 31) and Aiazzi-Mancini (1930—- 31) claim to have shown 
that ergotamine inverts the inhibiting action of ephedrine and 
abolishes that of sympatol on the isolated small intestine of Mus 
Rattus there would seem to exist a fundamental difference in the 
mode of reaction towards these drugs of the intestine of the rabbit 
and the rat. Therefore, it may be justified to reinvestigate the 
influence of ergotamine on the action of ephedrine and sympatol 
on the isolated rat’s intestine. 

Literature. 

Aiazzi Maxciki (loc. cit.) reports that sympatol inhibits the 
isolated small intestine of the rat (Magnus’ technique, Binger- 
Locke’s solution) in cone. 30 — ^100 yjml (considerable decrease of 
tone, diminution of amplitude or complete paralysis of the pen- 
dulum movements). Pievious addition of ergotamine tartrate 
completely abolishes the effect. 

One of Aiazzi-Mancixi’s experiments may be quoted in some 
detail: 50 y/ml s}mpatol cause considerable fall of tone and com- 
plete paralysis of the pendulum movements. After a whilQ 1 y/ml 
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ergotamine tartrate is added {no washing before the addition!) 
whereupon tone and ampKtude gradually return to the initial 
state. Upon the repeated addition of 50 y/ml sympatol no inhi- 
biting effect is obtained. 

The author concludes that sympatoi has a pure sympathicotrop 
action. 

According to Benigni (loc. cit.) ephedrine stimulates the isol- 
ated small intestine of Mus Rattus in cone. 5 — ^10 y/ml (increase 
of tone, amplitude unaffected or decreased.) Cone. 40 — ^100 y/ml 
have an inhibiting effect similar to that of adrenaline, whereas 
cone, about 20 y/ml are inactive or exert a very weak action. The 
motor action of ephedrine in cone. 10 y/ml is not affected by 
previous addition of ergotamine (1 y/ml), while the inhibiting 
action of larger doses of ephedrine is reversed into a motor effect. 

The author concludes that ephedrine partly stimulates the 
smooth muscle, partly has a sympathicotropic effect. The latter 
is manifested only by large doses of ephedrine. 

Methods. 

The experiments were performed on the isolated small intestine of 
Mus Rattus according to the Magnus technique. The intestinal seg- 
ments were suspended in Tyrode solution at a temp, of 38® C. Through 
the solution was bubbled a mixture of 95 % Oj and 5 % COj, 

The following drugs were used: 

dl-ephedrine hydrochloride (Bayer), dl-sympatol hydrochloride 
(Boehringer) and ergotamine tartrate (Sandoz). The cone, of ephedrine 
and sympatol are calculated as y/ml free base. 

Besnlts. 

The isolated small intestine of the rat is inhibited by sympatol 
in cone, higher than 50 y/ml (considerable fall of tone, often com- 
plete paralysis of the pendulum movements). The effect is rather 
difficult to wash out, 2 — 4 washings with fresh Tyrode solution 
being necessary for complete restoration of the mobility of the 
intestine. In most cases the reproduction of the effect is quite 
feasible, occasionally the reactivity of the .intestine may di mi nish 
upon the repeated addition of sympatol. 

In most cases previous addition of ergotamine (0. 4 — 14 y/ml) 
does not diminish the inhibiting action of sympatol (70 — 140 y/ml). 
(See fig. 1.) Occasionally the inhibiting effect is considerably 
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decreased but even after repeated washings during 2 hours the 
control effect always is still weaker. Therefore, the explanation 
must be found in the diminished reactivity , of the intestine to- 
wards sympatol, which may arise in the course of the experiment 
(compare above!). 



Eig. 1. Isolated rat’s intestine in Tyrode solution. 

1. = 70 y/ml dl-sympatol. 

2. = 8.6 y/ml ergotamine. 

X = -wasliing thre times. 

It was quite easy to*make an exact reproduction of the one. of 
Aizzi Mancini’s experiments quoted above. But if the same ex- 
periment is performed without any addition of ergotamine no in- 
hibiting effect upon the second addition of sympatol is observed 
either. (See fig. 2.) The explanation is quite simple: if the first 
dose of sympatol is not washed out, the intestine becomes tachy- 
phylactic and does not react to sympatol any longer. 



Fig. 2.- Isolated rat’s intestine in. Tyrode solution. 
1. = 70 y/ml dl-sympatoli 


In cone, less than 1,000 y/ml ephedrine in most cases does noh 
affect the isolated small intestine of Mus Kattus, in some cases 
stimulation is observed. Cone, higher than 1,000 y/ml have a weak 
or moderate inhibiting action (mainly decrease of tone). The sen- 
sitivity of the intestine towards ephedrine considerably decreases 
after the first dose and therefore in most cases it is impossible to 
reproduce the effect with full strength. 
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The inhibiting action of ephedrine in cone, higher than 1,000 
y/ml is considerably decreased by previous addition of ergotamine 
(0.4 — ^1.4 y/ml). But after repeated washings during 1 hour the 
control effect always is still weaker. Therefore, the diminution of 
the inhibiting effect must depend on the decreased sensitivity of 
the intestine towards ephedrine (tachyphylaxis). 

Discussion. 

From the experiments it may be concluded that previous addi- 
tion of ergotamine does not affect the inhibiting action of sympatol 
and ephedrine on the isolated small intestine of the rat. The ob- 
served diminution of the inhibiting effect after the first dose of the 
drug (occasionally in the case of sympatol, almost always in the 
case of ephedrine) depends on the fact that the intestine may be- 
come tachyphylactic against these drugs and is in no way due to 
any antagonizing effect by ergotamine. 

In accordance with the views, which have been put forward in a 
previous paper (Emilsson, 1942), it may be concluded that the 
inhibiting action of sympatol and ephedrine on the isolated rat’s 
small intestine is due to direct muscular depression and bears no 
relation to the sympathetic nerve endings or receptors. 

Summary. 

1. ; The action of sympatol and ephednne on the isolated small 
intestine of the rat and the influence by previous additionp'f ergo- 
tamine on this , action have been- studied, 

2. Sympatol inhibits - the intestine in epne. 60— :120 y/ml, 
ephedrine in cone, higher than 1,000 y/ml. In cone.- less than 1,000 
y/ml ephedrine in some cases stimulates the intestine. 

3. Previous addition of ergotamine does not affect the inhi- 
biting action .of sympatol and ephedrine, 

4.. It is concluded that the inhibiting action of sympatol and 
ephedrine on the isolated small intestine of the rat is. due to direct 
•muscular depression. 
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The Influence of Sympatliicolytica on the 
Action of Adrenaline Substitutes 
on Isolated Intestine. 

II. Yohimbine and Hydrnstinine. 

By 

BORJE EipLSSON. 

(Received 27 February 1942.) 


In a previous paper (Emilsson 194:2) the influence of bee venom 
and ergotamine on the action of a number of adrenaline-like drugs 
on isolated intestine has been treated. The investigation now has 
been extended to include yohimbine and hydrastinine also. 

WeCer (1927 and 1935 — 36) reports that low cone, of yohimbine 
often stimulate the isolated rabbit’s small intestine (increase of 
tone) but this stimulation rapidly changes into a more marked in- 
hibition of the intestine. Higher cone, immediately inhibit the 
intestine (decrease of tone and amplitude). Previous addition of 
yohimbine in cone. 0.01 — ^20 y/ml decreases or abolishes the in- 
hibiting action of adrenaline (0.01 — 0.03 y/ml). After repeated 
washings the normal reactivity of the intestine towards adrenaline 
is rapidly restored if the cone, of yohimbine was low, if the cone, 
was high the reactivity is restored slowly and uncompletely. 

Boschetti and Cozum (1936) find that yohimbine always has 
a motor action on isolated intestine (increase of tone and ampli- 
tude) and that the inhibiting action of adrenaline is abolished by 
yohimbine, Ivo details are given and therefore the report is diffi* 
cult to evaluate. 

Lukdbebg (1925) reports that hydrastinine stimulates the 
isolated rabbit’s small intestine in cone, higher than 30 y/ml 
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(moderate or great increase of tone, the amplitude is unaffected 
or somexrhat increased). Cone, higher than 500 y/ml depress the 
intestine. Previous addition of sufficiently large doses of hydrasti- 
nine completely abolishes the inhibiting action of adrenaline; 250 
y/ml hydrastinine for instance, annul the inhibiting action of 
0.0125 y/ml adrenaline. The author concludes that hydrastinine 
paralyzes the inhibiting sympathetic nerve-end organs. 

Methods. 

The experiments were performed on isolated rabbit’s small intestine 
in Tyrode solution according to the Magnus technique. In addition to 
the drugs employed in part I of this investigation were used yohimbine 
hydrochloride and hydrastinine chloride Merck. 

Results. 

In many cases yohimbine in cone. 0.2 — 7 y/ml does not affect 
the motility of the isolated rabbit’s intestine, but especially in 
cone, higher than 4 y/ml it may have an inhibiting action (decrease 
of tone or amplitude or both). Under the influence of the highest 
cone, of yohimbine the movements of the intestine occasionally 
may become irregular. 

Previous addition of yohimbine (0.2 — 7 y/ml) decreases or 
abolishes the inhibiting action of adrenaline (0.03 — 0.08 y/ml). 
After repeated washings with fresh Tyrode solution the normal 
reactivity of the intestine towards adrenaline is in most cases 
completely restored, if the cone, of yohimbine was high the reac- 
tivity occasionally may be irreversibly diminished. Especially if 
the dose of yohimbine was high the inhibiting effect of adrenaline 
after washing is followed by a secondary stimxilation of the in- 
testine (motor wash effect). 

The inhibiting action of dl-arterenol (0.1 — 0.3 y/ml), dl-adrena- 
lone (0.5 — 3 y/ml) and 1-adrianol (0.3-^. 8 y/ml) is decreased or 
abolished by yohimbine in cone. 0,2 — 7 y/ml (Fig. 1). There seems 
to be no difference between these drugs and adrenaline as to the 
dose of yohimbine necessary for complete annulment of an in- 
hibiting effect of given strength. Motor wash effects are partic- 
ularly frequent in experiments with l-adrianol. 

Yohimbine (0.2 — 7 y/ml) either does not affect or decreases the 
inhibiting aovion of l-corbasil (0.1 — 0.3 y/ml). Exceptionally and 
by employing the highest cone, of yohimbine the inhibiting action 
may be completely abolished. 

5 — i22195. Acta pliys. Scandinav. Yol. U. 
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Fig. I. Isolated rabbit’s intestine in lyrode solution. 

1. = 2 yiml dl-adrenalone. 

2, = 3.4 /'/ml yohimbine. 


The inhibiting action of I-, d- and dl-ephedrine (200 — 1,000 y/ml), 
1- and dl-sympatol (100—1,200 y/ml), suprifen (100—250 y/ml) 
veritol (180 — 250 y/ml) and benzedrine (80 — ISO y/ml) is in no 
■way affected by pre'vious addition of yohimbine in cone, up to 7 
y/ml (Fig. 2.) 



Fig. 2. Isolated rabbit’s intestine in Tyrodo solution. 

1. — 100 y/ml benzedrine. 

2. = 0.2 y/ml yohimbine. 


Hydrastinine in cone. 70 — 350 y/ml almost always causes a 
moderate or great increase in the tone of the isolated rabbit’s small 
intestine. Occasionally the amplitude is unaffected but in most 
cases it is decreased; the pendulum movements often become rather 
irregular. Higher cone, (about 500 y/ml) often have an inhibiting 
action. 

Pre\'ious addition of hydrastinine (100 — 350 y/ml) considerably 
decreases or completely annuls the inhibiting action of l-adrenaline 
(0.03 — 0.08 y/ml), dl-arterenol (0.1 — 0.3 y/ml), dl-adrenalone (0.5 

3 y/ml) and 1-adrianol (0.3 — 0.8 y/ml) (Fig. 3). After repeated 
washings Avith fresh Tyrode solution the normal reacti'vdty of the 
intestine is in most cases restored. Motor wash effects are rather 
frequent especially in the experiments with 1-adrianol. 

Tlie inhibiting action of l-corbasil (0.1 — 0.3 y/ml) is decreased 
bv hydrastinine in cone. 100 — 350 y/ml; in exceptional cases the 
action i.s completely abolished. 

Hydrastinine in cone, up to 450 y/ml in no way diminishes the 
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Fig. 3. Isolated rabbit’s intestine in lyrode solution. 

1. = 0.2 //ml dl-arterenol. 

2. = 250 yjml hydrastinine. 

X = washing. 


inhibiting action of 1-, d- and dl-ephedrine (200 — 1,000 y/ml), 1- 
and dl-sympatol (100—1,200 y/ml), suprifen (100—250 y/ml), 
veritol (180 — 250 y/nil) and benzedrine (80 — 170 y/ml). In con- 
trariety the inhibitory effect in several cases seems to be intensified 
by previous addition of hj’diastinine. (Fig. 4.) 



Fig. 4. 


Isolated rabbit’s intestine in Tyrodo solution. 


1. = C20 yjva\ dl-ephedrine. 

2. = 310 /'/ml hydrastinine. 
X = washing three times. 


Discussion. 

Yohimbine and hydrastim'ne antagonize the action of adrenaline 
on a variety of organs and tissues included the isolated rabbit’s 
small intestine. Therefore, they may be classified as sympathico- 
lytica just as ergotamine and bee venom. 

However, the results of the combined experiments with yohim- 
bine, hydrastinine and adrenaline-like drugs on isolated rabbit’s 
intestine are not quite so easy to interpret owing to the relatively 
strong influence on the motility of the intestine, which these sym- 
pathicolytica exert in doses necessary for complete annulment of 
the inhibiting action of adrenaline. Y^et it is quite evident that the 
classification of adrenaline-lilce drugs which has been made on the 
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basis of tbe experiments witb bee venom and ergotamine (Ejms- 
SON 1942) is valid also for yohimbine and hydrastinine. The clas- 
sification is as follows: 

I. adrenaline, adrenalone, arterenol, adrianol, corbasil. 

The inhibiting action of these drugs is diminished or abolished 
by previous addition of bee venom, ergotamine, yohimbine or 
hydrastinine. 

II. ephedrine, suprifen, sympatol, veritol, benzedrine. 

Pre\’ious addition of bee venom, ergotamine, yohimbine or 

hydrastinine even in maximal doses does not abolish the inhibiting 
action of the drugs belonging to this group. 

Thus, the theory that the inhibiting action of the drugs belonging 
to group II is due to direct muscular depression is further supported 
by the present exjjeriments. The finding that hydrastinine in some 
cases intensifies the inhibiting action of these drugs points in the 
same direction. 

Summary. 

1. The inhibiting action of adrenaline, adrenalone, arterenol, 
1-adrianol and 1-corbasil on isolated rabbit’s small intestine is 
diminished or abolished by previous addition of yohimbine or 
hydrastinine in sufficient doses. 

2. Previous addition of yohimbine or hydrastinine even in 
maximal doses in no way diminishes the inhibiting action of 1-, 
d- and dl-ephedrine, 1- and dl-sympatol, suprifen, veritol and benz- 
edrine. In contrariety hydrastinine sometimes intensifies the 
action of these drugs. 

3. Thus, the classification of adrenaline-like drugs as to the 
influence of sympathicolytic drugs on their inhibiting action on 
isolated rabbit’s intestine, which have been made previously on 
the basis of experiments with bee venom and ergotamine, is valid 
for yohimbine and hydrastinine also. 
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ObserTations on Lowered Resistance 
to Spontaneous Infection Resulting from 
Sexual Abstinence. 

By 

ERIK ANDREASEN, 

(Received 30 Marcli 1942.) 


Since 1934, Agduhr has published a number of papers showing 
that the normal sexual functions as displayed in the intercourse 
between the two sexes in mice and rats induce an increase in 
the resistance of the organism to toxic factors of diverse nature 
(large doses of activated ergosterol, various metal salts, alcohols, 
narcotics, paratyphoid cultures, and diphtheria toxin). 

The observations reported in the following throw some addi- 
tional light on this interesting biological phenomenon, as they 
seem to show that sexual abstinence in the rat gives rise to the 
appearance of infected excoriations or ulcers that are not seen 
in rats allowed the possibility of a normal sexual life. This ob- 
servation was made in connection with a fairly comprehensive 
study of the thymolymphatic system in normal albino rats (mus 
noiwegicus albinus). 

The animals here observed originated from the breeding colony 
of the State Vitamin Laboratory, Copenhagen. All the animals 
have been treated in the same way: removed from the mother at 
the age of 28 days and placed in cages of galvanized wire screen 
(measuring 15 X 20 X 27 cm.), in which they were kept conti- 
nually in solitary confinement. These cages were standing on high 
legs, so that the feces dropped down through the meshes of the 
floor and coprophagy was excluded. The cages were standing 
in a clean, dry room with frosted window-panes shutting out 
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any direct sunlight. The temperature was kept constantly at a 
level of 22° C., summer and winter. 

The diet given these animals has been the same as employed 
since 1926 for breeding animals of the rat colony. Altogether 22 
generations have been bred on this diet. 

When given ad libitum, the diet is adequate quantitatively as well 
as qualitatively. The animals thrive on it and their growth is normal. 
The composition of the diet, which is kept constant throughout the 
year, is as follows; 


Skimmed milk powder 30 % 

Rice flour 40 % 

Yeast 15 % 

Coconut oil 14.7 % 

Cod liver oil 0.3 % 


The skimmed milk powder is prepared from pasteurized milk; its 
composition is; protein 37.5 %, lactose 48.5 %, fat 1 %, mineral salts 
9 %, water 4 %. 

The rice flour is a mixture of 85 % ordinary commercial rice flour 
(made from polished rice) and 15 % rice husks (ground to meal). The 
rice flour contains 78 % carbohydrate, 7 % protein, and 0.5 % fat. 
The rice husks contain 47 — 57 % carbohydrate, 10 — 14 % protein, and 
10—14 % fat. 

The yeast is autolyzed tub yeast containing 16 % protein, 6 % carbo- 
hydrate, and 1 % fat. 

The coconut oil (palmin) is 100 % fat of the following composition; 
fatty -acids (lower than C^) about 15 %, lamric acid 45 — 51 %, 
myristhinic acid 17 — ^20 %, palmitic acid 4-^ %, stearic acid 1 — 5 %, 
oleic acid 2 — 10 %, linoleic acid 1 %. 

This diet was originally composed by Gudjonsson (1930) and em- 
ployed by him in his experimental studies on vitamin A. On-such a diet, 
the young rats will, at the age of 28 days (weaning time) be equipped 
with small but muform depots of vitamin A. The vitamin A supply 
to the animals is given chiefly in the cod liver oh, which contains about 
2,000 I. U. per g.; and this is sufficient for prevention of avitaminotic 
conditions and to ensure a normal growth. 

Also the vitamin E depots are rather small in animals kept on this 
diet (RrxGSTED 1936), though fully sufficient to preserve the fertihty. 
Vitamin E is supplied chiefly through the cod liver oil and coconut oil. 

The animals receive a plentiful supply of vutamins and Bj through 
the yeast, and vitamin D through the fats. The rats are able themselves 
to synthesize vitamin C. 

Mineral salts are supph'ed through the milk powder. The animals 
have free access to food and water throughout the 24 hours. 

Among the many animals (500 — 600) employed by me since 
1938 for experimental studies, I have continually foimd some in- 
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dividuals presenting pathological processes in the skin. These 
processes have shown the form of small, crust-covered excoriations 
localized to the head, neck and forefeet. Often these excoriations 
have been no larger than pinheads; but sometimes they have been 
confluent, forming large ulcers that were visible even at a long 
distance. In every instance these ulcerations have been associated 
with hyperplasia of the regional l 3 ’-mph glands. The lesion makes 
its appearance nearly always about the time for sexual maturity 
(in the 3' month of life), and it has been ascertained in about 
30 — 10 % of the animals, preferably in the males, which also 
showed the more severe form of the lesion. As a rule, however, 
the ulcers are so small that their presence is revealed only by a 
very thorough examination. 

In about a dozen animals I have followed the course of the af- 
fection from its first appearance, at the age of 3 months, till the 
animals were 1 year old. Throughout this period the skin lesion 
remained of practicallj* the same extent. As such ulcers often are 
observed in old animals too, the lesion appears to be of a markedly 
chronic character. 

As to the nature of these ulcers, the possibility of parasitic 
origin is excluded with certainty. Parasites or eggs of parasites 
have not been found on microscopy of the ulcers and thorough 
examination of the skin of these animals. Examination of the skin 
performed in the Royal Yeterinary and Agricultural College has 
given the same negative result. 

Conceivably the rater scanty supply of vitamin A might lower 
the resistance of the skin to infection. It has been found, however, 
that vitamin A given in large amounts has no prophylactic effect 
nor any therapeutic effect. Pellagra is out of the question, too; 
the ulcers do not in the least resemble a pellagrous dermatitis, 
and, besides, the animals have had a plentiful daily supply of vita- 
min B through the food (the yeast). 

The lesion was further ascertained to appear also when the ani- 
mals were placed in other quarters. Other cages were tried, too 
— wooden boxes with a good deal of sawdust in which the animals 
perhaps could clean themselves more easily — also with a nega- 
tive result. 

It was noticed, however, that similar efflorescences had never 
been observed in the breeding colony (which was quartered in 
another part of the town). This was further confirmed by thorough 
examination of the many hundred breeding animals: no skin 
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lesion was disclosed in any animal. Now 20 young animals (one 
month, old) from the breeding colony were isolated in solitary- 
cages but placed in the same rooms as the breeding animals; and 
in these 20 animals the skin affection made its appearance at 
the same time and to the same extent as in my own animals. This 
proves that there must be a connection between the appearance 
of the .ulcers and the isolation of the animals. 

Then 20 animals (males and females, 2^2 — 3 months old), pre- 
senting such excoriations were caged together in pairs, or in 
small groups (1 male -j- 3 females). Prior to their pairing, all 
the animals showed a moderate degree of the skin lesion (at that 
time there were no severe cases among my animals). After cohabi- 
tation for 1 — 3 months, the animals presented no longer any ulcer 
whatever; their skin was entirely intact. From this it is e-vident 
that cohabitation has a curative effect on the skin lesion. 

Probably the healing of the ulcers is due to an increased resist- 
ance induced through the normal function of the sexual glands. 

Agduhr's investigations have shown that the absence of a 
normal sexual life in the small rodents is of considerable bio- 
logical consequence, producing parenchymatous changes in the 
endocrine organs and being associated with a lowered resistance 
to many noxious factors. Agduhr's experiments suggest very 
strongly that the increased resistance to toxic substances presented 
by animals with a normal sexual life is due to an increased secre- 
tion of gonadotrophic and sexual hormones, partly because the 
frequency of mitosis is considerably higher in the respective 
glands in paired animals than in unpaired, partly because adminis- 
tration of sexual hormones (estrin or testestrin) to castrated ani- 
mals (rats, mice) and anterior pituitary gonadotrophin (antex, 
Leo) to animals li-ving separated from the other sex, resulted in an 
increase in the resistance corresponding to the one that appeared 
when the animals had access to a normal sexual life. 

Probably the development of the ulcers is then to be explained 
as follows: In those areas of the skin which the animals cannot 
reach with the snout (head, neck and shoulder regions, f. e., the 
sites of predilection for the lesion) they clean themselves and 
scratch by means of their hind feet which takes place under con- 
siderable muscular exertion. During this procedure the long and 
.sharp claws will often produce some small superficial scratches 
implying a great possibility of infection, as the claws of an animal 
are never quite clean even when the animal is raised under the 
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most hygienic conditions. In unpaired animals the scratching 
lesions may become the site of infectious processes because sexual 
abstinence lowers the resistance of the organism, A curative effect 
asserts itself during cohabitation with the other sex because 
the performance of the normal sexual functions gradually in- 
creases the natural resistance of the animal. 

Even though this explanation probably is correct, it cannot 
be excluded that the healing of the ulcers under cohabitation 
takes places simply because the animals are licking each others' 
ulcers which thus heal up gradually under the influence of the 
bactericidal substances in the saliva. This explanation is suggested 
by the fact that the ulcers are found chiefly in those skin regions 
which the animal is not able itself to reach with its mouth. 
On the other hand, as a rule ulcers are also found outside these 
skin regions; indeed, one of the sites of choice for the lesion is 
the skin at the corners of the mouth, which the animals can easily 
reach with the tongue. The animals clean their face many times 
a day with their forepaws which they wet with saliva; yet small 
ulcers are commonly found in the skin of the face. Besides, it 
does not seem very likely that an animal may be able with its 
snout to reach in between the stiff, close-set, and sensitive 
vibrissie of another animal, and punctate excoriations are often 
found just between the vibrissse. 

It is hard to say why the males in my experiments were attacked 
more often and more severely by the inflammatory skin lesion 
than were the females; Agduhr observed a similar sex difference 
in this studies on the resistance. There is a tradition to the effect 
that, in general, large robust individuals of a given species are 
more susceptible to disease than those of the small wiry type, 
and that in illness the prognosis is less favorable. This may or 
may not be true, but the fact is that the relative weight of the 
organs — and thus of the reserves of the organism — is distinctly 
greater for small than for large individuals. In the rat the males 
are considerably larger than the females and the relative weight 
of the organs which take part in the defensive mechanism of the 
organism (lymph glands, spleen and liver) in the males is 15 30 % 
lower than in the females at the age when the infection sers in. 

It may be that inhibition of such a primitive function as the 
normal sexual life lowers the resistance in man, too. Agduhp. 
has advocated such a view, pointing out, among other things, 
that it has been established statistically that married persons 
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live longer than single. For various reasons, such an argument is 
only of questionable value. On the other hand, the sexual function 
is biologically such a primitive and primordial manifestation of 
life that it will be reasonable a priori to expect a fundamental 
harmony between all the mammalian species in this respect. 

As to "the lifetime of the unpaired rats it may be mentioned 
that . they generally died suddenly of some infection when they 
reached an age of V-j^ — 2 years; senile changes as reduction in 
weight, general atrophy of organs and tissue were never observed 
in my animals. The highest age ascertained in my material has 
been 28 months. This is a strikingly short lifetime in comparison 
with the statements (Donaldson 1924, Slonaker 1912 a. o.) 
made in the literature concerning the normal life cycle of the rat 
— all to this effect, that the lifetime of the rat must be set at 
3 — 4 years. Possibly the shorter lifetime in my material is due to 
the lowered resistance brought about by the preclusion of a normal 
sexual life. 

On the other hand, it is also conceivable that the short lifetime 
is characteristic of the rat strain I have employed — a question 
that cannot be settled at present, as the animals in the breeding 
colony are employed only up to the age of 1 — 1^2 years, because 
their fertility diminishes after this age. 

In the literature I have been able to find only one paper that 
may serve to throw some light on the relation between lifetime 
and sexual function — a paper by Kobozieff (1931). In a fairly 
large material of mice (833 animals) he found 4.12 % of the bree- 
ding males to reach an age between 2^/4 and 3 years, while only 

0.22 % of the unpaired males reached this age. Of unpaired fe- 
males, 0.76 % reached the same age, while none of the breechng 
females lived to be that old — a. difference which Kobozieff 
attributes to wear on the female organism owing to the many 
pregnancies, parturitions and suckling of the large litters. 


Summary. 

1. In albino rats living in sexual abstinence the appearance of 
infected scratches is a common lesion. 

2. This affection is not seen in rats living a normal sexual life. 

3. The affection is cured when the animals are given the chance 
of a normal sexual life. 
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4. The lifetime for unpaired rats is found to- be considerably 
lower than the normal lifetime of the rat as given in numerous 
reports in the literature. 

5. It is reasonable, therefore, to assume that inhibition of the 
normal sexual function lowers the resistance of the animals to 
infection, resulting in a shorter lifetime. 
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Aus dem Zentrallaboratorimn des Sahlgrenschen Krankenhauses, 

Goteborg. 


Der Einfluss der Mandelsliure auf die Sauer- 
stoffaufnalnne iind Ammoniakbildiing 
im Meren- und Lebergewebe. 

Von 

BIRGER HERNER. 

(Eingereicbt am 4. April 1942.) 


Einleitnng. 

Im Jahre 1935 lancierte Rosenheim Ammoniumamygdalat als 
Azidose erzeugendes Dlittel in die Zystopyelitistherapie. Die 
Mandelsaure (im folgenden abgekiirzt Mds) ist seither selir viel 
verwendet ‘Worden, besonders in Gestalt von Kalziumamygdalat 
und die reichbaltige Literatur hieruber umfasst gegemvartig iiber 
150 Arbeiten. Diese befassen sicb bauptsachlich mit dem Einfluss 
der Mds auf den Sauregrad des Hams und der hiervon abhangigen 
Wirkung auf die Bakterienflora. Auch einige Untersucbungen iiber 
die Giftigkeit sebr grosser Dosen von Mds fur Versuchstiere liegen 
vor; u. a. von Schovanec, Stolz und Zadina (1939). Beobach- 
tungen iiber die Bedeutung der Mds fiir das Saure-Basenverhaltnis 
im Organismus mittels Untersuchung der Alkalireserve des Blutes 
beziebungsweise von dessen aktuellem Kolxlensauregebalt keime 
icb bloss von Gisselsson (1940), der die Wirkung einer dreitiigigen 
Bebandlung mit Kalzium- bzw. Natriumamygdalat am Menschen 
untersucht hat. 

Es liegen indessen Beobachtungen vor, die darauf deuten, dass 
eine langerdauernde Behandlung mit Mds ernstlich in die Siiure- 
Basenregulierung des Korpers eingreift. So veroffentlichte Niel- 
sen (1941) einen Fall, in dem langdauernde Azidosentlierapic mit 
u. a. Mds KU einer hochgradigen Entkalkung des Skelettes fiihrtc, 
Odin beobachtete in einem Fall von Zystopyclitis am Sahlgren- 
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schen Kjankenliaus in Gotenburg gemass pexsonlicber Mitteilung 
eine erstaunlicb geringe Ammoniakproduktion bei langdauernder, 
intensiver Mds-Behandlung. Es hesteht also Anlass zu dem Ver- 
dacbt, die Ammoniakabwebr sei bei Mds-Azidose nicht wirksam 
genug, nnd der Organismus miisse daker andere Basen mobilisieren. 

Als Ursacbe dieser ungeniigenden Ammoniakabwebr lasst sich 
eine Vergiftung der desaminierenden Enzyme im Organismus 
denken. Mds -wurde also die Enzyme vergiften, die unter normalen 
Verbaltnissen die Aminosauren. an dem der GOOH-Grnppe nacbst- 
gelegenen, also an dem in a-Stellung zu ihr befindlicben, Koble- 
atom angreifen. Hier fangt gewobniicb der Abbau der Amino- 
sauren mit einer Desaminierung an. Aus Versuchen von Lehmann 
(1938) iiber die Eahigkeifc gewisser Hefezellen Milcbsaure zu oxy- 
dieren, ging bervor, dass Lids eine wesentliche Hemmung ausiibte, 
und da erwiesen ist, dass die Oxydation der Milcbsaure beim 
a-Kobleatom beginnt, konnte dies also die Annabme stiitzen, 
dass Mds eine Tendenz zeigt enzymatiscbe Prozesse, die an dieser 
Stelle angreifen, zu storen. Die Erklarung bierfvir kann darin zu 
seben sein, dass die Mds im Organismus offenbat selbst zuerst 
beim a-Kobleatom abgebaut wird und sie desbalb die bier an- 
greifenden Enzyme belegt. 

Betreffend das Verbalten der Mds im Organismus liegen Ver- 
sucbe von Scholz (1937) und Montenbbuok (1940) vor, die beide 
ibre Versucbspersonen Mds einnehmen liessen und dann den Harn 
untersucbten. Sie fanden darin ungefabr 70 % der Mds unver- 
andert wieder, etwa 15 % als Pbenylglyoxylsaure (Benzoyl- 
ameisensaure) sowie bis zu ungefabr 13 % Benzoesaure. Monten- 
BRUCK konnte iiberdies eine geringere Menge Pbenylaminosssig- 
saure nacbweisen. 

Die Formeln dieser Stoffe haben folgendes lAusseben: 

C6Hs'CH(OH)'COOH OaHs-CO'COOH CeHs-COOH 

Mandelsiiure PhenyIgIyoxy]s3ure Benzoes&ure 

C«H5-CH(NH2)-C00H 

Phenylaminoes3ig8S.ure 

Es zeigt sicb, dass die obigen Umsetzunpprodukte der Mds 
gerade den Abbauprodukten entsprechen, die man vom enzym- 
cbemischen Standpunkt aus fiir sie erwarten mocbte. Ebenso wie 
die Milcbsaure, , mit der sie die OH(OH) * COOH-Gruppe gemein- 
sam bat, wird Mds zunacbst am a-Kobleatom oxidiert und dann 
in analoger "Weise weiter abgebaut. 
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Die entsprechenden Umsetzimgsprodukte der Milchsauxe sind 
die folgenden: 

OH3‘CH(OH:)-COOH CHa-CO-COOH CHs-COOH 

Slilclisaure Brenztranbensaure Essigsauro 

Wir sehen also, dass vieles dafiir spricht, dass der Abbau von 
Mds am a-Kobleatom beginnt. Die von Montenbruck nachge- 
■wiesene Pbenylaminoessigsaure bildet sicb wabrscbeinlicb in der 
Niere durcb sogenannte XJmaminierung, indem eine NHa-Gruppe 
aufgenonunen ‘wird. 

Aus den oben referierten Versucben von Soholz imd Montbn- 
BRUCK gebt bervor, dass Mds im Organismus bis zu einem gewissen 
Grad umgesetzt -wird. Es scbien daber von Interesse, in Gewebe- 
atmungsversucben, vor allem mit Niere und Leber, zu unter- 
sucben, -welcbe Organe imstande sind Mds zu oxydieren. Durcb 
diese Versucbe muss Tveiterbin die etwaige toxiscbe Wirkung der 
Mds sovrobl auf die Desaminierung als aucb auf die Oxydation 
der Aminosauren erkennbar -werden. In erster Linie isfc eine Unfcer- 
sucbung des Sauerstoffverbraucbs geeignet, Aufklarung bieriiber 
zu verscbaffen. Der Abbau der Aminosauren im Organismus -wird 
in der Regel durcb eine Desaminierimg eingeleitet, die eine Keto- 
saure ergibt, welcbe sodann oxydiert und dekarboxylierfc wird. 
Unveranderter Sauerstoffverbraucb vor und nacb Zusatz von Mds 
im Versucb muss demnacb fiir ungestorte Desaminierung wie aucb 
fiir ungestorte Oxydation sprecben. Erbalt man dagegen einen 
verminderten Sauerstoffverbraucb nacb Zusatz von Mds, so kann 
dies auf einer Storung des einen der beiden Vorgange oder gleicb- 
zeitig beider beruben. Eine nabere Lokalisation muss auf dem Wege 
der Analyse einerseits der Desaminierungs-, anderseits der Oxyda- 
tionsprozesse moglicb sein. 

Diese Eragestellungen wurden nun in Versucben studiert, die 
im folgenden bescbrieben werden. Die angefubrten Versucbe sind 
typiscbe Beispiele, deren Ergebnisse durcb eine Anzabl gleicb- 
artiger Versucbe bestatigt wurden. 

I. Versucbe uber die Einwirkung von Mandelsfiure auf 
den Sauerstoffverbraucb in verschiedenen Geweben. 

Yersuchstechnik. Als Versuchsobjekt warden Organe von weis- 
sen Ratten verwendet. Die Tiere wurden dekapitiert, worauf in 
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uniuittelbarer Folge die Organe entnommen und in einer in Eis- 
■svasser steheuden Schale gekiihlt ’mirden. Eiir die Versuclie wurden 
GcvrehsschiiUc, Gevrehshrei und ExlraJct von Gewebsbrei venven- 
det. Die Schnittc \vurden in gewohnlicber Weise mit dem Rasier- 
messcr angefcrtigt. Sic vurden in eisgekuldte Krebs-Ringer- 
Losung (1932) gclegt und vor dcr Wagung durch Abtrocknen auf 
Filtricrpapier von freier Flilssigkeit bcfreit. Der Brei vurde durcb 
Feinscbneiden mit der Scliere bis zu bomogener, ziihfliissiger Kon- 
sistenz hcrgcstellt. Die Priiparation erfolgte auf eisgekiiblter Un- 
terlagc. Das Gewcbsbrcicx/raZv ist im grossen und ganzen nacb 
BERNiiEisr (1931) bereitet morden: Die Organe warden feinge- 
schnitten, wie eben angcgebcu; in den Versuclien mit Leber- und 
Jluskclcxtrakt warden gleiche Mcngen von Organbrei und Krebs- 
RrxGER-Losung gemisclit; in den Nicrcncxtraktversuchen wurde 
halb soviel Brei vcrwendet. Die Mischung wurde einige Minuten 
zusammen mit feingemahlcnom Glas im Acbatmorser gerieben 
und dann durch cine doppcite Lage Gaze filtriert. Bis zur Ver- 
wendung in den Versuclien wurde das Extrakt bei 0° C auf- 
bewahrt. 

Die Yersuchc wurden mit Warburg-jRc^piradonsgefa^sen von ca 
IG ml Rauminhalt und mit Luft als Sauerstoffquelle ausgefuhrt. 
Die Fliissigkcitsmengc in don Gefassen, einschliesslich der Ver- 
suchsgewebe, war 3.00 ml. In den Einsatzen -wurde 0.20 ml 5%-ige 
Kalilauge verwendet. Der Zusatz verscliiedcner Stoffe im Lauf des 
Versuclis erfolgte von der Birne aus, die sick an der Seite der 
Gefiisse befindet. Die Wassertemperatur im Brutschrank war 
37° C. Um Teraperatur- und Gasgleichgewicht in den Gefassen zu 
erreichen, wurden diese im Brutschrank 16 min geschiittelt, ehe 
die Hahne geschlosscn -wurden und die Ablesung anfing. Die 
Frequenz beim Schiitteln war ungefahr 120 Schlage in der JlXinute 
und die Amplitude ca 4 cm. 

Die zu den Ycrsuchen verwendete iWs (Schering-Kahl- 
BACMs »Acidum amygdalicum fur wissenschaftliche Zwecke<() 
VTirde mit Natronlauge neutralisiert und somit in Gestalt von 
Natriumamygdalat verwendet. Kalziumamygdalat, das, -wie er- 
wahnt, in klinischen Versuchen verwendet worden ist, schien fiir 
Gewebsvcrsuclie ungeeignet, weil Kalziumjonen in starkerer Kon- 
zentration storend auf die Oxydation der Zellen wirken. Die ver- 
wendeten Aminosiiurcn waren Mercks dl-AJanin und dl-Prolin 
von Heyl und Co, beides Analysenpraparate. 
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1. Der SauerstofFverbrauoh Im Nierengewebe mit und ohne 
Zuaatz von MandelaSure. 

Nierensclinitt (Versuch 1 und Kgur 1), 
Eeaktionsgemisch.: 2.65 ml KREBS-KiNGER-Losung (von nun an 
K-R-Los.) 4" 0.30 ml 1 mol bz'w. 0.1 mol Natriumamygdalat in 
den Birnen. Nierenschnitt 0.05 g. 



Fig. 1 zeigt die Spontanatmung sowie den Einfluss von Mandelsaure vorscbic' 
dener Konzentration auf den Sauerstoffverbrauch im Nierenschnitt. 

Der Phil gibt an 'svenn Mds zugesetzt Tvurde. 

Atmung ohne Znsatz von Mds X 

bei Zusatz von 0.01 mol Mds • 

bei Zusatz von 0;i mol Mds 4- 

In diesem wie auch in alien folgenden Versuclien wurde ein 
Versuch. iiber die Spontanatmung gemacbt, wobei Jlds durcli die- 
selbe Menge K-R-Los. ersetzt wurde. 

Aus dem Versucb geht bervor, dass der Sauerstoffverbraucb bei 
einer Mds-Konzentration von 0. 1 mol im Reaktionsgemisch erheb- 
licb sinkt, vrogegen eine Konzentration von 0.01 mol keine sichere 
Abweicbung von der Spontanatmung ergibt. Ebensowenig erga- 
ben Versuche mit 0.001 mol eine klare Abweicbung, 

Nierenbrei (Versucb 2 und Figur 2). 

Reaktionsgemiscb: 2.G3 ml K-R-Los. -|-0.30 ml 1 mol bzw. 
0.1 mol Natriumamygdalat in den Birnen. Nierenbrei 0.07 g. 
Tecbnik im iibrigen -wie in Versuch 1. 

Das Versucbsergebnis stimmt mit dem beim Nierenschnittver* 
such erhaltenen iiberein. 
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Pig. 2 zeigt die Spontnnntmung sowie den Einfluss von MnndelsJiure verschic- 
denor Konzentrntion nuf den Sauerstoffvcrbrnuch im Niorenbrei. 

Dor Pfcil gibt nn ■vrenn Mds zugesetzt ■vrurdo. 


Atmung ohne Zusatz von JIda X X 

bci Zusatz von 0.01 mol Mds 

bci Zusntz von 0.1 mol Mds -i -h 



Pig. 3 zeigt dio Spontanatmung sowio don Einfluss von Mandcls&ure verschie- 
doncr Konzentration nuf den Sauerstoffverbrauch im Niorenextrakt. 

Atmung ohne Zusatz von Mds X ^ 

bei Zusatz von O.Ol mol Mds * ' 

bei Zusatz von 0.1 m 1 Mds *! ' + 

6 — ^i22195, Acta phi/s. Scandinav. Vol.i. 
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Nierenextrakt (Versucli 3 xind Figur 3), 

Reaktionsgejoiisch: 1.70 ml X-R-L6s. +0.30 ml 1 mol bzw. 
0.1 mol Natriumamygdalat in den Birnen. Nierenextrakt 1,00 ml. 

In diesem Versucli zeigt sick eine betracktliche Mekrung des 
Sauerstoffverkraucks kei einer Mds-Konzentration von 0.1 und 
0,01 mol im Reaktionsgemisck. Die sckwackere Mds "wirkt anfangs 
starker anregend als die starkere, aber nack 2 std ist ikre Wirkung 
vorbei, und der Sauerstoffverbrauck lauft fernerkin parallel mit 
dem im Spontanatmungsversuck, Die stimulierende Wirkung der 
starkeren Mds-Konzentration dagegen bleibt iiber die 4 std der 
Versucksdauer erkalten. Die Knrven in Fig. 3 kaben einen mekr 
bogenformigen Verlauf als die in Fig. 1 und 2 bei Scknitt und Brei. 
Dies deutet darauf, dass im Lauf des Versuchs der Stoffwechsel 
im Nierenextrakt kontinuierlick abnimmt, was seine Erklarung 
darin finden diirfte, daSs die Nakrstoffe der Zellen, die im Extrakt 
ja verdiinnt vorliegen, aufgebrauckt werden und vielleickt auck 
darin, dass im Laufe des Versucks eine Enzymzerstorung statt- 
finden konnte. Im Extrakt sind ja auck die fiir einen ankaltenden, 
ungestorten Stoffwecksel notigen Enzyme ruckt in der selben 
Konzentration imd ioickt im selben gegenseitigen Verhaltnis vor- 
kanden wie in Scknitt und Brei. 

Die Ergebnisse dieser drei Versucke konnen folgendermassen 
zusammengefasst werden: In Versucken mit Nierenschnitt und 
Nierenbrei kemmt eine Mds-Konzentration von 0. 1 mol die Gewebe- 
atmung betracktlick, wakrend eine Konzentration von 0.01 mol 
nickt mit Sickerkeit eine kemmende Wirkung hat. Im Nieren- 
extraJctveTsnch. stimuliert eine Mds-Konzentration von 0.01 mol 
die Gewebeatmimg stark, wakrend eine Konzentration von 0.1 mol 
sowokl eine kemmende als auck eine stimulierende Wirkung aus- 
zuiiben sckeint. Die Bedeutung dieser Ergebnisse soli spater im 
Zusammenkang mit den iibrigen Versucksergebnissen besprocken 
werden. 


2. Der Sauerstofifverbrauch im ITierengewebe bei Anwesenboit 
von Alanin nnd Frolia eowie von MandelsSure 
in verschiedener Konzentration. 

Nierenscknitt + Alanin (Versuck 4 und Figur 4), 
Eeaktionsgemisck: 2.35 mi K-R-Los. +0.30 ml 1 mol bzw. 
0.1 mol Natriumamygdalat +0.30 ml 0.1 mol Alaninlosung (== 
2.67 mg) in den Birnen. Nierenscknitt 0,05 g. 
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Pig. 4 zeigt die Spontanatmung eowie den Einfluss von Alanin ohne und bei 
Zusatz von MandelsSure verschiedener Konzentration auf den Sauerstoffver- 

brauch im Xierenschnitt. 


Atmung ohne Zusatz von Alanin und Mds 

bei Zusatz von 0.01 mol Alanin 

bei Zusatz von 0.01 mol Alanin + 0.01 mol Mds 
bei Zusatz von 0.01 mol Alanin + 0.1 mol Mds 




Fig. 6 zeigt die Spontanatmung sowie den Einfluss von Prolin ohne und bei 
Zusatz von MandelsSure verschiedener Konzentration auf den Sauerstoffverbrauch 

im Nierenschnitt. 

Atmung ohne Zusatz von Prolin und Mds X X 

bei Zusatavon 0.01 mol Prolin □ □ 

bei Zusatz von 0.01 mol Prolin + 0.01 mol Mds ■ ■ 

bei Zusatz von 0.01 mol Prolin + 0.1 mol Mds ffl 
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Nierenschnitt + Prolin ( Versuch. 5 und Figur 5). 

Die selben Versuchsanordnungen, die Alaninlosung jedoch dutch 
0.30 ml 0.1 mol Prolinlosung (= 3.45 mg) ersetzt. 

Die Versuchsergebnisse zeigen, dass sowobl Alanin als auch 
Prolin die Tendenz haben, den Sauerstoffverbrauch zu stimulieren. 
Gleichzeitiger Zusatz von Mds in einer Konzentration von 0.01 
mol scheint den Sauerstoffverbrauch etwas zu mindern. Das 
Ergebnis ist jedoch nicht vollig eindeutig. Bei einer Mds-Konzen- 
tration von 0.1 mol lasst sich eine weitere Hemmung des Sauer- 
stoffverbrauchs feststellen, die zwar auch nicht besonders stark 
ausgepragt ist, immerhin aber deutlich tiefer liegt als bei den Ver- 
suchen mit ausschliesslich Aminosaurezusatz. 



Fig. 6 Ecigt die Spontanntmung sowie den Einfluss ron Alardn ohnc und bc) 
Zusatz ron Mandelsfiure verschiedencr Konzentration auf den Saueretoffrer* 

brauch ira Xiercnextrakt. 


Atmnng ohne Zusatz von Alanin und Slds X “X 

bei Zusatz ron 0.01 mol Alanin A — ’A 


bei Zusatz ron 0.01 mol Alanin -f 0.01 mol Mds A 

bei Zusatz ron 0.01 mol Alanin -f 0.1- mol Mds A “A 
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Nierenextrakt + Alanin (Versuch 6 und Figur 6). 
Eeaktionsgemiscli: 1.40 ml K-E-Los. +0.30 ml 1 mol bzw. 
0.1 mol Natriumamygdalat +0.30 ml 0.1 mol Alaninlosung in 
den Birnen. Nierenextrakt 1.00 ml. 

Nierenextrakt + Prolin (Versuch. 7 und Figur 7). 



Fig. 7 zeigt die Spontanatmung sowie den Einfluss von Prolin ohne und bei 
Zusatz von MandelsSure verschiedener Konzentration auf den Sauerstoffver- 

brauch im Nierenextrakt. 


Atmung ohne Zusatz von Prolin und Mds X X 

bei Zusatz von 0.01 mol Prolin □ □ 


bei Zusatz von O.Ol mol Prolin + 0.01 mol Mds ■ ■ 

bei Zusatz von O.Ol mol Prolin + 0.1 mol Mds 

Die selben Versuchsanordnungen, Alanin jedoch ersetzt durch 
Prolin. 

Aus den Versuchen geht hervor, dass Alanin und Prolin je fiir 
sich den Sauerstoffverbrauch wesentlich stimulieren. Bei Ablesung 
nach 4 std zeigt sich eine Steigerung von ungefahr 80 bz-w. 50 %. 
Gleichzeitiger Zusatz von Mds in einer Konzentration von 0.01 rnol 
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zum Reaktionsgemisch. stimuliert den Sauerstoffverbrauch nock 
mehj. Dieser wird durch die angegebene Mds-Konzentration unge- 
fabr ebenso stark gesteigert wie in Versuch 3, wo der Mds-Effekt 
fiir sick studiert wurde. Die beiden Stoffe sckeinen also einen 
additiven Effekt zu kaben. Eine Mds-Konzentration von 0. 1 mol 
sckeint anfangs eine reckt deutlick kemmende Wirkung auszu- 
iiben, verglicken mit Versucken mit 0.01 mol Mds. Verglichen mit 
aussckliesslick Aminosaurezusatz zeigen Versucke mit AJanin und 
Prolin -j- 0.1 mol Mds nack 3 bzw. 1.5 std einen starkeren Sauer- 
stoffverbrauck. (Die Kurven kreuzen sick). Dies deutet darauf, 
dass Mds auck in dieser Konzentration dazu beitrug, den Sauer- 
stoffverbrauch anzuregen, aber zu diesem Zeitpunkt in geringerem 
Masse als in Versucken mit 0.01 mol Mds. 


8. Der Sauerstoffverbrauch im Lebergewebe mit und ohne 
Zusatz von MandelsSure. 

Die Resultate der Versucke mit Lebergewebe stimmen der 
Hauptsacke nack mit den Nierengewebsversucken iiberein; sie 
wurden daker nickt grapkisch, sondern tabellarisch (Tab. 1) 
wiedergegeben. 

Leberscknitt (Versuck 8). 

Reaktionsgemisch: 2.60 ml K-R-L6s. -f 0.30 ml 1 mol bzw. 
0.1 mol Ratriumamygdalat in den Birnen. Leberscknitt 0.10 g. 

Leberextrakt (Versuck 9). 

Reaktionsgemisch: 1.70 ml K-R-Los, -}-0.30 ml 1 mol bzw. 
0.1 mol Natriumamjgdalat in den Bimen. Leberextrakt 1.00 ml. 

Die Versucke mit Leberscknitt und -Extrakt ergaben ahnliche 
Resultate wie gleickartige Versucbe mit Kiere. 

Leberbrei. 

In Versucken mit Leberbrei als Substrat wurden keine befriedi- 
genden Ergebnisse erzielt, da der spontane Sauerstoffverbrauch 
des Gewebes allzurasck reduziert wurde. 


4. Der Sauorstoffverbrauch im Lebergewebe bei Anwesen- 
heit von Alanin und Prolin sowle Mandels&uro 
in verschiedenor Konzentration. 

Leberscknitt + Alanin (Versuck 10). 
Eeaktionsgcraisck; 2.35 ml K-R-L6s. 0.30 ml 1 mol bzw. 
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0.1 mol Natriumamygdalat +0.30 ml 0.1 mol Alaninlosung in 
den Birnen. Lebersclinitt 0.05 g. 

Lebersch.nitt + Prolin (Versuch, 11). 

Die selben Versucbsanordnungen, Alanin jedoch durch Prolin 
ersetzt. 

Aucb bei diesen Versucben stimmen die Ergebnisse im Prinzip 
mit denen entsprechender Nierenversuche iiberein, mit einer klaren 
Hemmung des Sauerstoffverbrauchs in Versucben mit der star- 
keren Mds-Konzentration. 

Leberextrakt + Alanin (Versuch 12). 

Eeaktionsgemisch: 1.40 ml K-R-L6s. + 0.30 ml 1 mol bzw. 
0.1 mol Natriumamygdalat +0.30 ml 0.1 mol Alaninlosung in 
den Birnen. Leberextrakt 1.00 ml. 

Leberextrakt + Prolin (Versuch 13). 

Die selben Versucbsanordnungen, Alanin jedoch durch Prolin 
ersetzt. 

Auch aus diesen Versucben geht, -wie aus entsprechenden Nie- 
renversuchen, die additive Wirkung der Mds imd der Amino- 
sauren auf die Sauerstoffaufnahme hervor, sovie auch die starker 
anregende Wirkung der schwacheren Mds in den ersten Stunden. 

6. Der SauerstofEVerbrauoh im Muskelgewebe mit und, ohne 

Alanin und Slandelshure in verschiedener Konzentration. 

In Versucben mit einerseits Brei, anderseits Extrakt "wurde bei 
gleicher Versuchsanordnung wie der fur Niere und Leber beschrie- 
benen sowohl bei Spontanatmungsversuchen als auch bei Ver- 
suchen mit Alanin und Mds-Zusatz ein sehr geringer Sauerstoff- 
verbrauch festgestellt. Es- liessen sich deshalb aus dem Einfluss' 
dieser Stoffe auf den Sauerstoffverbrauch keine sicheren Schliisse 
ziehen. 

6. Der SauerstofiFverbrauch im Hirngewebe mit und ohne 
Mandelsaure in verschiedener Konzentration. 

In Versucben mit Hirnextrakt — angeordnet wie die zuvor 
beschriebenen Versuche — ergab sich bei Zusatz von 0. 1 mol Mds 
zum Reaktionsgemisch eine kraftige Hemmung. Der Sauerstoff- 
verbrauch in Versucben ohne Mds war nach 4 std 209 mm®, in 
Versucben mit 0.1 mol Mds 128 mm®. 
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Tabelle 1. 

Der Sauerdoffverbrauch im Lebergewebe mit und oTine Mandelsaure 
in Konzentration von O.t und O.oi mol sowie mit und ’oTine Alanin 

bzw. Prolin. 


Snbstrat 

Sanerstoffverbrancb in cmm nach 


mm 

■Hi 


1 2 std 

3 std 

4 std 

8. Leber schnitt: 

Spontanatmung (sp) 

43 

80 

(1.6 std) 
122 

1 


> + O.Ol-m Mds . . 

35 

67 

101 


— 

> + O.l-m Mds . . 

20 

28 

42 

■ 

— 

9. Leberextrakt: 

BP 

59 

78 

(2 std) 
106 

133 

154 

ap + O.Ol-m lids 

64 

90 

130 

164 

193 

ap + O.l-m lids 

57 

87 

140 

192 

240 

10. Leherschnitt + Alanin: 

sp 

22 

36 

79 

115 

145 

ap + Alanin 

24 

45 

89 

129 

163 

sp + Alanin + O.Ol-m lids . . . 

24 

46 

94 

138 

174 

sp + Alanin + O.l-m Mds . . . 

29 

45 

76 

99 

105 

11. Leberschnift + Prolin; 

ap 

21 

36 

79 

115 

154 

sp + Prolin 

26 

40 

106 

154 

195 

sp + Prolin + O.Ol-m lids . . . 

25 

43 

90 

132 

171 

sp + Prolin + O.l-m Mds .... 

25 

41 

84 

117 

145 

12. Leberextrakt + Alanin: 

sp 

40 

56 

78 

90 

102 

sp -¥ Alanin 

53 

80 

113 

131 

149 

sp -i- Alanin + O.Ol-m Md.< . . . 

60 

101 

147 

182 

210 

sp + Alanin -f O.l-m Mds .... 

66 

77 

125 

163 

197 

13. Leberextrakt + Prolin: 

1 BP 

32 

80 

134 

160 

190 


65 

180 

252 

293 

320 

j sp -f Prolin O.Ol-m lids . . . 

65 

181 

280 

352 

870 ! 

! sp + Prolin + 0,I-m Mds .... 

40 

122 

204 

294 

820 1 






DER EINFLUSS 1>BR JIANDELSAUBE. 


89 


Diskussion. 

Aus den Versucken ohne Zusatz von Aminosauren gekt hervor, 
dass Mds in einer Konzentration von 0. 1 mol die spontane Oxyda- 
tion im Nierenbrei, Nierenschiitt und Leherschnitt wesentlicli 
kemmt. In versuchen mit Extraht von Niere und Leber lasst sicli 
dagegen sowolil bei einer Mds-Konzentration von 0.1 als auch bei 
einer solchen von 0.1 mol eine Mehrung der Oxydation beobach- 
ten. Bei der starkeren Konzentration tritt allerdings, verglicben 
mit der scbwacheren, eine anfanglicbe Hemmung der Oxydation 
auf, aber dies ist idelleiclit nur einer Salzwirkung zuzusckreiben. 
Die Mebrung des Sauerstoffverbraucbs, die bei den ExtraUvex- 
sucben auftritt, diirfte auf einer Verbrennung der zugesetzten Mds 
beruben. Der Anlass dazu, dass diese Verbrennung sicb nur in 
den EztraJ:tvet&Vic]xen. geltend macbt, nicbt aber in den Ver- 
sucben mit Schnitt und Brei, kann moglicberweise darin zu seben 
sein, dass diese Gevebe einen 'weniger gestorten Zugang zu Nabr- 
stoffen baben. In den Extrakten liegen namlicb, wie erwabnt, 
veranderte Verbaltnisse vor, insofern als die natiirlicben Nabr- 
stoffe verdiinnt sind, Tvesbalb die Mds bier in boberem Masse als 
Ersatznabxstoff auftreten kann. Inwieweit die Mds gleicbzeitig 
bemmend auf die Oxydation anderer Stoffe im Gewebe vrirkt, 
lasst sicb aus diesen Versucben nicbt erseben, da der erbobte 
Sauerstoffverbraucb durcb die Oxydation der Mds vielleicbt 
eine Hemmung in anderen Oxydationsprozessen iiberdeckt. Der 
Sauerstoffverbraucb scbeint von der Mds in Nierenversucben 
starker als in Leberversuchen angeregt zu werden, was dafur 
spricbtj dass die Niere Mds leicbter verbrennt, 

Aus den Versucben mit Nierenextrakt (3, 6, 7) scbeint bervor- 
zugeben, dass die Mebrung des Sauerstoffverbraucbs, die durcb 
0,01 mol Mds im Eeaktionsgemiscb bervorgerufen wird, sicb bei 
ungefabr 100 mm® Mebraufnabme stabilisiert. Zum Abbau der 
zugefiigten Menge Mds (0.03 millimol) bis auf das als nacbstes ange- 
nommene Abbauprodukt, Pbenylglyoxylsaure, sind fiir die Oxyda- 
tion ungefabr 326 mm® Sauerstoff erforderlicb. Unter der Vor- 
aussetzung, dass die Oxydation nicbt weiter scbreitet als bis zur 
Pbenylglyoxylsaure, sind also etwa 30 % der zugesetzten Menge 
Mds oxydiert worden. 

Es scbeinen also vor allem Niere und Leber zu sein, die die nacb 
friiberen Versucben von Scholz und Montbnbruck im Organis- 
mus stattfindende Verbrennung von Mandelsaure besorgen. 
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Aus den Versuchen mit Schnitlen und Brei von Niere nnd Leber 
ging, wie Lereits gesagt, hervor, dass Mds eine Oxydationshem- 
mung verursachte. Es ist indessen nicbt moglicb, an Hand dieser 
VersucLe allein mit Sicberheit zu bestimmen, weicbe Stoffe es 
sind, deren Oxydation durch Mds gebemmt wird. In der Ein- 
leitung wurde jedocb bervorgeboben, dass Anlass zu der Ver- 
mutung bestebe, die Mds bemme den Abbau der Aminosauren. 
Es ist' somit denkbar, dass die Minderung der Sauerstoffauf- 
nabme in den Versucben wenigstens teilweise durcb eine Blockie- 
rung des Abbaus der Aminosauren verursacht wird, Umdieszu 
untersucben sind daber Versucbe mit Zusatz von Aminosauren 
angestellt worden, Hierzu "WTirden sowobl Alanin als aucb Prolin 
gewablt, weil diese beiden Aminosauren im Organismus auf ver- 
scbiedene Weise abgebaut werden (Eernheim 1934) und desbalb 
vielleicbt sicb erganzende Aufscblusse dariiber geben konnen, 
■wo die Hemmung seitens der Mds einsetzt. Alanin wird namlicb 
zuerst am a-Kobleatom abgebaut, fiirs erste in Gestalt einer 
Desaminierung und nacbber in der einer Oxydation, wahrend 
Prolin nicbt desaminiert, sondern nur oxydiert -wird, nach Bern- 
HEiM (1936) an der NH- und der daneben sitzenden CHs-Gfuppe. 


CH3 

1 

H2C CHj 

i 1 

I 

CHCHHj) 

1 1 

H3C CH-COOH 

! 

\/ 

COOH 

NH 

Alanin 

Prolin 


Eine Hemmung der Sauerstoffaufnahme bei Alanin-Mds-Ver- 
sucben kann somit eine Blockierung der Desaminierung beim 
a-Kobleatom und eine dadurch ebenfalls blockierte Oxydation 
oder bloss das letztere bedeuten. Eine Hemmung der Sauerstoff- 
aufnahme bei Prolin-Mds-Versucben kann dagegen bedeuten, 
dass Mds die Oxydation auf andere Weise blockiert. 

In den Versucben mit Nieren- und Lebersc/iniKen wird die Sauer- 
stoffaufnahme durcb Zusatz von sowobi Alanin als aucb Prolin 
etwas geraebrt. Sie wird jedocb gemindert durcb gleicbzeitigen 
Zusatz von Mds, obwobl im Vcrgleicb zur Spontanatmung weder 
Mds von 0.1 nocb von 0.01 mol eine ausgesprocbene Hemmung 
zustandebringt. Die Versucbe sprechen aber dafiir, dass Mds ibre 
Hemmung auf die Oxydation der Aminosauren ausiibt. Da die 
Hemmung ebensowolil in Alanin- als aucb in Prolinversuchen 
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auftritt, spricht dies, \vie eben angedeutet, dafiir, dass Mds nicbt 
ausschliessHcb Pxozesse, die am a-Kobleatom der Aminosauren 
stattfinden, vergiftet. 

In YeTSuchen mit sovrohl Nieren- als auch Leherezlral'l bei gleicb- 
zeitigem Aminosaure- und Mds-Zusatz entsteht eine kraftige, 
offenbar additive J^lebrung des Sauerstoffverbrauchs. Dies macht 
es unmoglicb, aus der Grbsse des Sauerstoffverbrauchs Schlusse 
auf das Vorliegen einer Hemmung hinsichtlich des Abbaus der 
zugesetzten Aminossiuren zu ziehen. Um bier den Dingen auf den 
Grund zu kommen, ist in den folgenden Versucben das im Verlauf 
eines jeden gebildete Ammoniak bestimmt wordcn, da dieses, wie 
erv'abnt, vas Alanin betrifft, zuerst abgespalten wird, nocb ebe 
cine Oxydation stattfinden kann. Abnlicbe Versuche voirden 
aucb mit Prolin aiisgefiibrt. 

n. GeTrebsTersucbe fiber den Einfluss dor Mandelsaure 
auf den Sanerstoffverbrnncli sotvie auf 
die Animoniakbilduug. 

Die Sauerstoffversucbe wurden in derselben Weise ausgefiihrt 
Tvic die zuvor bcscliriebenen Versuche mit Nierenbrei und -Extrakt 
sowie mit Lebcrscbnitten und -Extrakt, Im Anschluss an diese 
Versuche wurden ausserdem Ammoniahbeslimmungen vorge- 
nommen. 

Die Bestimmung v'urde nach der Diffusionsmethode von Con- 
way (1933) ausgefiihrt, wenn auch in etwas abgeiinderter Eorm. 
Die von Conway verwendeten Diffusionskammern sind namlich 
fur diese Versuche nicht geraumig genug. Die Ammoniakbestim- 
mung muss ja am ganzen Inhalt des Warburg-Gefasses vor- 
genommen werden, der aus 3 ml Analysenfliissigkeit und iiberdies 
2 ml Spiilwasser besteht, Conways Kammern sind aber nur fiir 
hochstens 3 ml Analysenfliissigkeit berechnet, Es warden deshalb 
Diffusionskammern aus einer grosseren Petrischalc von 60 mm 
Durchmesser und 12 mm Tiefe soAvie einer kleineren von 40 bzw. 
7 mm angefertigt. Die beiden Schalen wurden mit einer diinnen 
Paraffinscliicht zusammengeschmolzen, die Ideine in der grossen, 
worauf die ganze Kammer inwendig paraffiniert wurde. Die 
Diffusionskammern wurden standardisiert fiir 5 ml Analysen- 
fliissigkeit in der Aussenkammer, 5 ml 0.01-n Salzsaure in der 
Innenkammer sowie weiterhin 1 ml gesattigte Natriumkarbonat- 
losung in der Aussenkammer, dazu bestimmt, das Ammoniak frei- 
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zumachen. Ura das von der Salzsaure gebnndene Ammoniak zu 
bestimmen, vnirden, je nacb der Ammoniakkonzentration, 1 — 3 ml 
Saure nesslerisierfc (Probe -f 0.2 ml Einasckerungslosung -f Was- 
ser auf 7 ml + 3 ml Nesslers Reagens). Die Bestimmimgen vTirdeu 
in PuLFEiCHs Photometer mit Filter S 50 bei 1 cm Schichtdicke 
gemacht. Die erhaltenen Extinktionswerte wurden nach einem 
Diagramm, das nach bekarinten Mengen Ammoniumsulfats her- 
gestellt v'orden ■war, in entsprechende Milligramm Ammoniak 
verwandelt. Bei den Standardisiemngsversuchen zeigte es sich, 
dass bei Zimmertemperatur eine Diffusionszeit von 4 std fiir 
quantitativen Austausch geniigt. Die Fehler iiberstiegen hierbei 
niemals 4 %. Im allgemeinen war jedoch in den Versuchen die 
Diffusionszeit bedeutend langer, ungefahr 12 — 16 std. 

Um zu kontrollieren wieviel von dem wahrend des Sauerstoff- 
versuches gebildeten Ammoniak vom Reaktionsgemisch bei 
pH 7.4 gebimden wird, wurden Kontrollversuche angestellt. Ein 
ml Ammoniumsulfatlosung mit entsprechender Ammoniakmenge 
wie in den Extrakten ersetzte diese in den Warburg-Gefassen. 
Die Gefasse wurden dann im Brutschrank 4 std geschuttelt. Un- 
mittelbar zu Anfang des Versuchs sowie nach 2 und nach 4 std 
wurde 1 ml Fliissigkeit aufgenommen, nesslerisiert und ann- 
lysiert. Die Ergebnisse zeigeh, dass kein Ammoniakverlust ent- 
steht, sondern dass alles Ammoniak gebunden in der FJiissigkeifc 
bleibt. Bei einem der Versuche ergaben sich folgende Werte: 
0.132; 0.123; 0.135 mg Ammoniak nach bzw. 0, 2 und 4 std. 

Die Heakliomgenmche und Gewebemengen waxen dieselben wie 
bei den entsprechenden, friiher beschriebenen Versuchen. 

Bei den verschiedenen Versuchsserien wurden vergleichende 
Ammoniakanalysen vorgenommen in Versuchen mit und ohne 
Zusatz von Mds in verschiedener Konzentration. Zu Beginn 
jeder Versuchsserie wurde nacb der Temperatuxeinstellung eine 
Probe analysiert, um so einen Blindwert fiir die schon ■»’on vorn- 
herein im Reaktionsgemisch (im Gewebe) vorhandene Ammoniak- 
menge zu erhalten. Im allgemeinen liefen die Versuche schon 4 
std, ehe die Ammoniakbestimmungen vorgenommen wurden; in 
einzelnen Versuchen wurde jedoch die Ammoniakbildung Stunde 
fiir Stunde untersucht. Es schien unzweckmassig, die Versuche 
iiber langer als 4 std auszudehnen, da sich dabei eine Bakterien- 
wirkung geltend machen konnte. 

In unterstehender Tabelle sind die verschiedenen Versuche zu- 
sammengestellt. Die Ergebnisse zeigen die Wirkung von 0.1 mol 
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Mds-Konzentration auf die Ammoniakbildung in verscMedeaen 
Versuchen mit and olme AJanin und Prolin. Aus Kontrollver- 
sucben gebt liervor, dass die Eesultate innerbalb 10 % repro- 
duzierbar sind. 

Tabelle 2. 
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2 
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4 
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Nierenbrei . . . 

0.021 

0.047 

0.027 

0.026 

0.006 

-77 

31(5 

205 

- 35 

Leberscbnitt . . 

0.0I7 

0.040 

0,021 

0.02S 

0.004 

-8.S 

245 

129 

-46 

Nierenextrakt + 
Alenin . . . 

0.070 

0.225 

0.1 00 

0.155 

0.030 

-81 

448 

543 

-f-21 

Leberextrakt + 
Alanin . . . 

0.062 

0.092 

0.068 

0.040 

O.OOG 

-a'i 

149 

196 

+ 32 

Niercnextrafct + 
Prolin . . . 

0.060 

0.0 "0 

0.062 

0.020 

0.002 

-90 

260 

406 

+ 56 

Leberextrakt + 
Prolin . . . 

0.040 

0.05“ 

0.046 

0.017 

O.006 

-7o! 

321 

>298 

- 7 


Aus der Tabelle geht bervor, dass Mds in einer Konzentration 
von 0.1 mol eine betracbtlicbe Hemmung auf die Ammoniak- 
bildung ausiibt, und zwar nicbfc bloss auf die spontane, sondern 
aucb auf die durob Alaninzusatz gesteigerte. Die Hemmung liegt 
bei ungefabr 80 %. Aucb in den Prolinversucben zeigt sicb eine 
scbwacbe Ammoniakbildung, die sicberlicb von Ammoniakbil- 
dung im Bxtrakt und nicbt vom zugesetzten Prolin berrubren 
diirfte. Sie stimmt namlicb gut iiberein mit der Ammoniakmenge, 
die in Spontanversucben obne jeden Aminosauxezusatz entstand. 

Ein Vergleicb der Ammoniakbildung im Nieren- und Leber- 
extraht mit Alanin-zxisatz zeigt eine bedeutend starkere Desa- 
minierung bei Niere als bei Leber, obwobl das Nierenextrakt, wie 
gevrobnlicb, aus ungefabr der balben Menge Organgewebe bereitet 
wurde, yerglicben mit dem Leberextrakt, 

^ 0,01-m Mds war der yertraucb 368 cmm. Im VerhSltnis hierzu ergJbt 

sich eine Mehrung dea SanerstofiVerbranchs von + 15^. 
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Ein Yergleich zwischen der HemmuBg einerseits in der Ammo- 
niaJibildung, anderseits im Sauerstoffverbraiwli, wie sie in den Ver- 
suchen mit Nierenhrei und Leber^c/mz'W beobachtet -vrurden, zeigt, 
dass die Ammoniakbildung, prozentual gesehen, bedeutend star- 
ker gebemmt ist als die Oxydation. Dies kann dafiir sprecben, dass 
•wdrklicb eine massige Oxydation der Mds stattfindet nnd die 
durcb Mds gebemmte Verbrennung etwas kompensiert. Die Ver- 
baltnisse kdnnen aucb dafiir sprecben, dass die Oxydations- 
prozesse, die von der Mds gebemmt verden, einen geringeren Teil 
des gesamten Sauerstoffverbraucbs des Gewebes ausmacben, dass 
aber diejenigen, die gebemmt verden, namlicb die Oxydation 
der Aminosauren, stark gebemmt vrerden. 

In den Exlrahiversucheii liegt in der Kegel eine Mebrung der 
Oxydation bei Anwesenbeit von Mds vor, was bereits besprocben 
wurde. Nur im Versucb mit Lebereootrakt und Prolin findet sicb 
eine leicbte Jlinderung, die jedocb im gleicben Versucb mit 
scbwacberer bids nicbt auftrat. Sie darf daber als eine in die Lange 
gezogene initiale Hemmung der starkeren Mds-Konzentration 
gedeutet werden; aucb dies wurde scbon oben bebandelt, 

Um die Hemmung zu untersucben, die Mds in scbwacberer 
Konzentration auf die Ammoniakbildung ausuben kann, wurdcn 
diesbeziiglicb Versucbe mit ’NievenextraU und Alanin angestellt. 
Wie aus Tabelle 3 bervorgebt, macbt die Hemmung scbon bei 
einer Konzentration von 0.01 mol ungefabr 20 % aus und steigt 
allmablicb mit dem Steigen der Mds-Konzentration. 


Tabelle 8. 


Spontan- 

versncli 

Spontan- 
Tersach -t- 
0.1-mol 3[ds 

Spontan- 
versneh + 
0.05-inol Mds 

Spontnn- 
versneh + 
0,025-mol Mds 

Spontan- 
versneh + 
0.01-mol Mds 

mg 

II,N 

%Ecm- 

mung 

/ 

mg jSHcm- 
ir,?! 1 mnng 

. 

mg 

H,N 

mnng 


KHcm- 

mnng 

mg 


0.172 

0 

0.028 84 

0.070 

59 

0 ins 

39 

0.1 S8 

20 


In diesem Versucb war die Ammoniakmenge in der Blind- 
probe 0.060 mg; dieser Wert v'urde abgezogen, um die in der 
Tabelle angegebenen Werte zu erhalten. 


Jills Schhisscrgcbnis dieser Versucbe kann also angegeben werden, 
dass Mandelsaure die Oxydation sowobl im Kieren- als aucb im 
Lebergcwebe hemmte, und dass diese Hemmung mindesten-s tcil- 
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vreise durclx eine Hemraung der Desaminierung gewisser Amino- 
siiuren verursacht wd. Es ist indessen denkbar, dass Mandel- 
sfiure axicb auf andere Prozcsse vergiftend 'svirkt, wofiir z. B, ihre 
Hemmung der Prolinoxydation. in Versucben mit Nieren- und 
Leberschnitt spricht. Ans den Versucben gebt nicbt bervor, ob die 
Jlandelsaure oder etwa eines oder einigc ibrer Abbauprodukte 
dabei wirksam sind. Diese Fragen sind zur Bebandlung in weiteren 
Versucben aufgenommcn. 

Die in der Einleitung gebracbte Annabme, bei Mandelsaure- 
tberapie sei die Animoniakabwcbr nicbt geniigend xvirksam, wird 
also durch die angestellten Versucbc gestutzt. Aucb diese Frage 
betreffend miissen aber nocb ergilnzende Versucbe, vor alleni 
an Gewebe von menscblicben Orgauen, gemacbt vrerden, wenn 
eine siclierere Antwort moglicb werden soli. 

Zusammcnfassung:. 

Einleitcnd wird besprocben, dass Anlass zu dem Verdacbt be- 
stebt, Jlandelsaurc bemine die Desaminierung gewisser Amino- 
sSuren und damit aucb dcren Oxydation. Dies konnte eine Er- 
klSrung dafiir bilden, dass in gewissen Fallen bei intensiver 
jrandelsaurctherapio cine nur geringe Ammoniakbildung beobacb- 
tct n*ird. 

In vor allcni Nieren- und Lebcrgevebe von weissen Ratten 
wird mit Warburg-Tecbuik die Oxydation mit und obne Mandel- 
saure in venscbiedener Konzentration sonde mit und obne die 
Aminosauren Alanin und Prolin untersucbt. Weiterbin wird die 
Desaminierung mit Hilfc von Bestimmung des wiibrend der Ver- 
suche gebildetcn Ammoniaks studiert. 

Die Untersuclumgeu babcn gezeigt 1.) dass Slandelsaure so- 
wobl von Nieren- als aucb von Lcbergewebc verbrannt wird, je- 
docb starker vom Nicrengewebe; 2.) dass Mandelsaure die spon- 
tane Ox 5 ’'dation sowobl im Nieren- als aucb im Lebergewebe und 
ebcnso die Oxydation von zugesetztem Alanin xind Prolin bemmt; 
sowic 3.) dass Mandelsaure als cin starkes Desaminierungsgiffc 
wirkt. 
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Of the groups of compounds that go to build up the main part 
of the musculature, only two have a marked selective light ab- 
sorption in ultra-violet between 2 000 and 3 000 A, namely the 
purine derivatives and the proteins. Of the first-mentioned, the 
adenylic acid and the adenyl pjTophosphoric acid constitute more 
than 95 %. The pyrimidine nucleus in these latter causes a pro- 
nounced absorption-band at 2 GOO A. The selective absorption of 
the albuminous substances is conditioned by tyrosin and trypto- 
phan. These amino-acids both have absorption-bands around 
2 800 A. The average ultra-violet absorption of the muscle-tissue 
will consequently be predominantly determined by the sum of 
the absorptions of the adenipe derivatives, the tjTOsin and the 
tryptophan. Owing to the high specific absorption of the adenylic 
acid — at 2 COO A it is more than 100 times higher than that of 
myosin — its absorption-band will have approximately the same 
height as that of the muscle-protein in spite of the low concentra- 
tion. (Of. below, fig. 1.). 

Investigations carried out by different authors on material 
from widely differing animal-species show an extensive agreement 
in the adenine content as well as in the tyrosin and tryptophan 
content of the muscle-protein (Bailev 1937), so that there seems 
to be justification for the assumption that the main features of 
the structure are the same for large groups of animals. 

7 — 'i22105. Ada phi/s- Scandxnav. Voh-i. 



98 


T. CASPEESSON AND BO THOBELL, 



2^00A 2600 2800 3000 


Illustration 1 sliows 
an absorption-spec- 
trum of muscle-fibres 
from Drosophila fime- 
bris, taken with the 
technique described 
below (cf. page 99). 
The absorption-curve 
shows a pronounced 
maximum at 2 600 A. 
Above this is super- 
posed a maximum at 
2 800 A, appearing 
chiefly as an increase 
in breadth of the first- 
mentioned max. The 
course of the ab- 
sorption-spectrum of 
the adenylic acids is 
known (Dheb^ 190G, 
Gulland and Honr- 
DAY 1934, Heyeoth 
and Loopbubodw 
1931) and the myosin 
can be calculated (cf. 
Caspersson 1940). 


Fig. 1. Curv'c 1, absorption-Bpectrum of living 
muscle-fibre from Drosophila funebris, taken vith 
80 little resoh-ing power that the striation has no 
influence on the course of the curve (cf. text, 
page 97). 2, the same absorption-speetrum after 

correction has been made for light-dispersion (curve 
5 has been subtracted). 3 and 4, the absorption- 
curves for myosin and adenylic acid respectively, 
in which curve 2 can be resolved. 5, the course of 
the light-dispersion, calculated on the assumption 
that at 3 100 A this conditions the whole absorp- 
tion and is inversely proportional to the fourth 
power of the wavelength. 


The measured curve 
can then easily be re- 
solved into the two 
component curves (cf. 
Caspersson loc. cit.), 
as has been carried out 
on fig. 1. In order to 
make such a resolution 
into two components 
one needs only two 


points. The fact that the agreement in all curve-points is good 


shows that no substances with other absorption-character than 


those of the adenine and the protein markedly affect the absorp- 
tion of the muscle-tissue. The concentration-relation adenylic 


acid to protein of the absorption-type of the myosin, which may 
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be calculated from the curves, is very near 1 ; 100 in good agree- 
ment with the chemical investigations of musculature from diffe- 
rent animals which give as an average 10 — 20 % protein and 0.1 — 
0.2 % aden}'lic acid. 

At the adenine absorption-maximum the ultra-violet micro- 
photograph of the living muscle-fibre (Drosophila) clearly shows 
the striated structure, in that certain segments absorb more than 
others (illustration 2). It is not possible to decide off-hand whether 
we have here to do with a refraction phenomenon or a true ab- 
sorption. If photographs of the same living muscle-fibre are taken 
with a m'dc aperture for (he 
illximinating bunch of rays one 
observes the following: the 
striated structure appears be- 
tween 2 400 A and 2 950 A 
— most clearly between 2 500 
and 2 850 A. Under 2 400 A 
the absorption in both seg- 
ment.s is so high that the 
structure appears only as an 
indication; over 2 950 A the 
absorption in both .segments 
is so low that the picture of 
the structure begins to dis- 
appear. Such scries have been 
performed on musculature 
from frog, fresh-water crayfish and the fruit-fly, with identical 
results. They thus show preliminarily that the striation in the 
ultra-violet picture must be at least partly conditioned by real 
light-absorption, and not only by refraction-phenomena as in 
\'isible parts of the spectrum. It appears, moreover, that the 
absorptions in the different muscle-segments change in different 
ways with the wave-lengtli. In order, however, to decide which 
substances condition the absorption, coxnplete absorption-spectra 
must he measured for the different structural elements. 

A method for the measurement of absorption-spectra of small 
objects has been W'orked out by one of the present authors and has 
been described elsewhere (Gaspersson 1936, 1940). The lower limit 
for the magnitude of the element that can be measured is deter- 
mined by the "waverlength of the light employed. In order to ob- 
tain a detailed absorption-spectrum the magnitude should not 



Fig. 2. Li\'ing mii.soIc-fibres from the thigh- 
(iiusculntiiro of Drosopliiln funebris photo- 
irapl)etl at 2 570 A. Enlarged 720 times. 
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be less than four times the wave-lengbh of the light, as the light- 
diffraction will otherwise introduce a factor that is difficult to 
calculate. The measuring is considerably facilitated and accuracy 
increased if the dimensions are somewhat greater. As striated mus- 
culature in general has such short segments that the above- 
mentioned value is approached, it is most suitable to look for 
material with especially long segments. 


Investigations on Drosophila funebris. 

For these investigations muscle-fibres from coxa, trochanter and 
femur were used. This musculature has segments of up to 10 to 
15 /z. The appearance at 2 570 A of the living muscle-fibre may be 
seen in fig. 2. Certain segments absorb strongly. The nuclei, which 
lie within an axial zone, contain isolated grains of strongly ab- 
sorbing substance (nucleic acids). 

As the measuring takes a comparatively long time, during which 
the preparation must be quite motionless and unchanged, it is 
not possible to measure living material; the preparation must first 
be treated with an appropriate fixing fluid. This must fulfil the 
following requirements; 1) The distribution of the absorbing sub- 
stances that are to be investigated must not be noticeably changed. 
2) The protein substances must not be precipitated so that sur- 
faces entailing an abrupt alteration in the refractive index can 
arise. Owing to the impossibility of defining the physico-chemical 
conditions in the muscle-fibre of the substances in question, model 
e.xperiments are of but slight value. Instead, a direct comparison 
was made in ultraviolet of the living muscle-fibre with that which 
had been treated with fixative. A series of different combinations 
were tried, the best results being obtained with 25 % acetic acid in 
absolute alcohol saturated with lanthane acetate. In this fixativ'e 
a muscle-fibre is not noticeably changed in the aspects referred to 
in the course of twenty-four hours. 

When measuring, a region with an approximate diameter of 
1 // was projected into the photo-electric cell. Such measuring- 
points have been marked in fig. 3. By means of a special arrange- 
ment it is possible to mov'c the preparation and afterwards return 
it to its original position with a smaller error than corresponds to 
the magnitude of the smallest element that the objective can 
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Fig. 3. Mui-clo-fibrcs from Drosophila. The dots mark the position and approximate 
sir .0 of the fields that in connection with the measurement were projected into the 
photo-cell. 2 570 A 720 times. A pair of curves from each fibre arc to be found 

in figure 4. 


resolve, i. e. 0.05 fi. The selected measuring regions are projected 
into the photo-cell in turn. Measuring takes place in wave-length 
after wave-length, as a rule from 2 480 A to 3 100 A. 


Little-Working Musculature. 

TJie preparation was made from young flies from flask cultures. 
The flies were anaesthetized with ether and dissected, after which 
tlie preparation was immediately transferred to the fixative or 
was examined at once in the body-fluid. 

Figure 4 shows absorption-curves from three different muscle- 
fibres. In each part-figure are drawn 2 curves (I and A respecti- 
vely), deriving from two adjacent segments. All show a strong 
adenine band in the one segment, while this is only weakly repre- 
sented or entirely missing in the other segment. In the more 
weakly absorbing segment the protein band appears clearly. There 
is a protein-band of the same magnitude also in the other segment; 
but this appears only as an increase in breadth or bulging of the 
adenine maximum. In some muscle-fibres also the more weakly 
absorbing segment shows an adem’ne absorption of varying 
strength (cf. fig. 4 c). This is, however, always considerably lower 
than in the adjacent segment. 
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Table of quotients between the extinction-coefficients for the 
wavelengths 2 650 A and 2 850 A for points in different segments. 


Isatropic segment 

Adjacent anisotropic 

1.4S 

1.03 

1.44 

1.27 

1.47 

1.22 

1.49 

0.9G 

1.59 

1.17 

1.45 

1.3 7 

1.42 

1.14 

2.00 

1.42 

1.S3 

1.24 

1.39 

1.17 

1.33 

0.97 

1.92 

1.15 

l.Cl 

1.11 

l.GC 

1.18 

1. So 

1.00 

l.SO 

1.2S 


In order to demonstrate the magnitude of the variations in 
the ratio archive the table gives a series of quotients between 
the extinction coefficients at 2 650 and 2 850 A for pairs of adja- 
cent segments from different muscle-fibres in different prepara- 
tions. The value of this quotient for pure adenylic acid is 2.3 and 
for a protein of the composition of myosin 0.9 (cf. fig. 1). These 
quotients have throughout a higher value for the segments that 
in the table are referred to under I, which shows that these are 
richer in adenine nucleotides. 

From these quotients we can calculate the approximate relation 
between adenylic acids and protein of the myosin t3q)e. These 
relations are illustrated in figure 5. (Of., however, the paragraph 
below.) 

In calculating the absolute quantities of adenylic acid and pro- 
teins from the measuring data one must also observe the loss of 
light arising through light-dispersion. In the complete absorp- 
tion-spectra it is possible to introduce quite a good correction for 
this, as this loss of light is approximately* inversely* proportional 
to the fourth power of the wavelength. If there were no such 
dispersion of light the ultra-violet absorption would correspond 
to that of solutions of the substances in question and thus over 
3 000 A fall to a low value. In the muscle-fibres, however, a weak 
absorption still appears even at 3 200 A, which must be due to 
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light-dispersion. As the wave-length relation of the latter is known 
one can introduce a correction for this (see curve 5, fig. 1). This 
correction cannot, of course, be introduced for the quotients given 
above, so that the value of the latter is limited to affording a 
support to the general validity of the data given above for a large 
material and a demonstration of the range of their variation. 
The error that is introduced in the quotients through dispersion 
of light entails in the quotients a stronger rise of the extinction 
coefficients at the shorter wave-length and affects most the 


Wavelength [_ Wavelength 1 

2WOA 2600 2800 3000 3200 2mA 2600 2500 3000 
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A-segmeiit. It will thus considerahlj’- affect the result in a direction 
contrary to the expected effect, so that it cannot falsify the result. 

The spiral arrangement in the muscle-fibres also complicates 
the measuring. This arrangement can be observed in at least 



I A 


large parts of the muscle-fibres, and it often 
makes it difficult to get muscle-partitions 
freely projected from adjacent segments. 
The error that may be conceived to arise 
goes in the same direction as the previous 
one, i. e. it tends erroneously to equalize 
the concentration differences. 

Absorption-spectra and the quotients 
given in the tables thus indicate that the 
greater part of the adenine derivatives are 
localized to the segments with the strongest 
ultra-violet absorption. In the majority 
of the muscle-fibres with especially long 
segments that were measured, the con- 
centration-relation was considerably below 
1 to 10 (calculated after correction for 


, light-dispersion). The protein concentra- 
adenylic acid to protein tions cannot be compared with any high 

in different segments, degree of accuracy. Certain, there are 
corresponding to the " , . i t -i .• 

quotients in the table, reasons for assuming that the distribution 


calculated "srithout cor- 
rection for the light-dis- 
persion. Although the 
light-dispersion has a 
strong tendency appar- 
ently to equalize the 
differences (cf. text), the 
big differences may be 
clearly seen. 


of amino-acids in myosin is fairly homo- 
geneous in the animal kingdom, but we 
have not sufficient experimental data for 
the other protein substances. If we assume 
that these have approximately the same 
tyrosin and trj'ptophan content as myosin 
(as seems to be the case for rabbit muscu- 


lature), the protein concentration in the weaker absorbing seg- 
ments of Drosophila muscle would be somewhat higher than in 
the other segments. The greatest difference that was observed cor- 
responds to approximately 3 : 2. Wlien the adenine absorption has 
been subtracted also the absorption under 2 500 A gives a measure 
of the protein concentration that however is not alone determined 
by the tjTosin and tryptophan content. Owing to the non-selective 
character of this part of the curve, this calculation, too, ivill 
include considerable errors. It gives however, approximately the 
same values as the estimation of protein concentration given above. 
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Gomparison between Ultrn-Tiolet Absorption and 
Double Befrnction. 

In order to decide wliat stnict.nrnl elements observable with 
otlicr metbods correspond to the segments rich in adenylic acid, 
living mn.sclo-fibre.s were photographed in 
both nltra-violei and polarized light. Com- 
parison of the plates showed ihnt the strongly 
vltra-viokl absorbing substaJtccs tccrc localized 
in the isotropic segments. 

Working Musoulataro. 

The mnscle-materinl has in all the cnsc.s 
.•=0 far <ii.«en.‘:sed derived from flies in narrow 
culfurc-fln.'sks. Cultivation took place at 
room-temperature. Under the.se conditions 
the flic.s alternately Imp and fly short di.s- 
tances. The best material for experimental 
purpo.scs was obtained from young indivi- 
duals whose skin had just commenced to 
harden. Tlie.se do not move about much. 

Before di.s.^cction they were nnnesthetized 
with ether or chloroform. The muscles may 
thus be regarded ns working relatively little. 

In order to make a comparison with especi- 
ally strongly working musculature the flies were made to per- 
form as much work as po.ssiblc with their leg muscles. Faradic 
stimulus wa.s applied so that the flics, deprived of their wings, 
liad to move about on a plate with two comb-shaped electrodes, 
whose teeth interlocked and wliich were connected up with a 
source of current. The stimulus was so .strong that the flics sprang 
.several mm. into the air when they contacted it. A stimulus of a 
more physiological kind was obtained by” 'letting the flies move 
about on a plane di.se who.se slope towards the horizontal plane 
was contimiously changed. In this way they could be kept in 
continuou.s movement for several minutes. 

The muscle-preparations were made in the same way ns des- 
cribed above, and were c.xamined both in the living and in the 
fi.xcd states. The structure show'ed a constant difference as com- 



Fig. G. Living musclc- 
libro from A.'itncus bc- 
Iwc-cn crossed Nicol's 
j)ri.smF. With the tiid of 
the fine detnits in the 
originnl, which appear 
too weakly on reprodne- 
tion, comparisons may 
be made with the cor- 
responding ultra-violet 
jiicture, when it will bo 
seen that the strongly 
nb.sorbing segments cor- 
rc.spond to the isotropic 
segments. 720 tirac.s. 
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pared with the resting muscle-fibres in that the sharp differen- 
tiation of strongly and weakly absorbing bands was more or less 
smudged out (Fig. 7). The strongly absorbing segments at lower 




Fig. 7. Two pairs of pictures taken from living muscle-fibres from Drosophila at 
2 570 A and showing in low and high enlargement respectively the difference 
between strongly working (left pictures) and feebly working (right picture-:) muscle- 

fibres. 


magnification appeared to be increased in lieigfcli and diffusely 
delimited. The structure is never quite wiped out. At high magni- 
tudes the absorbing material in the resting muscle gives the 
appearance of rows of small irregular heaps of grains lying close 
together. The size of the single grains is near the limit of the re- 
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sohdug power of the ultra-violet microscope. In the fatigued muscle 
the anisotropic segments are extremely finely longitudinally 
striated. The striation appears most clearly nearest to I and di- 
minishes in clarity towards the middle of A. The structure is con- 
ditioned by extremely fine streaks of strongly ultra-vdolet absorb- 
ing substance, which are connected with the heaps of grains in I. 
Probably the only explanation of how such a picture could arise 
is that strongly absorbing substances from I have wandered down 
towards the middle of A tlirough a sj'stem of very fine longitudinal 
fibrils. As the absorption-character of the substances agrees on 
the ultra-violet photographs with that of the substance of the 
I-segments, and despite their fineness the stfiae contrast sharply 
with the surrounding protein, the specific extinctions must lie 
much higher than for the protein-substance in A, and be com- 
parable with those of the adenine derivatives in I. It must thus 
be the adenine derivatives in I that in the course of muscle- 
activity partly wander domi towards A. This probably also ex- 
plains the circumstance that certain of the abovementioned 
quotients and absorption-spectra from only slightly working 
musculature show a varjdng though low content of these sub- 
stances in A. 

In experiments of this type it is difficult to avoid artefacts. In 
order to exclude such we investigated unfixed muscle-fibres that 
had been left to lie in body-fluid or in Ringer's solution for varying 
periods. When muscle-fibres had been thus left for a longer period, 
pictures of an extension of absorbing substances from I to A also 
appeared. The .streaks that appear in this connection are, however, 
coarse and crude, and at the .same time one observes changes in 
the fine structure of I. In connection with attempts to find suit- 
able fixing media (page 100) these last-mentioned pictures were 
also observed. There is thus a very definite difference between 
the pictures of fine striae that appear in the fatigued muscle and 
are lacking in the resting muscle, and the jiictures that are ob- 
served in both resting and fatigued muscle-fibres when the prepara- 
tion is left to lie for a long time or is treated with unphysiological 
solutions. It thus .seems justified to assume that what has been 
described above cannot be referred to artefacts, but that in 
working musculature the adenine derivatives wanders down to- 
wards A. 
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Inrestig.ations of Otlier Musculature. 

In order to decide in how far the observations made with refe- 
rence to Drosophila funebris possess general validity certain other 
musculature was also examined. 


Astacus fluviatilis. 

In parts of its musculature the fresh- water crayfish has muscle- 
segments of magnitudes comparable with those found in Dros- 
ophila Muscle-fibres from the dorsal hypodermal muscle-layer 
were examined. Ultra-'v’iolet micro-photographs showed the same 
tj’pieal arrangement as has been described above for Drosophila. 
A series of quotients were taken, also in the same way as above- 
described and with the same result as for Drosophila. The polariza- 
tion investigation showed that the absorbing substanee lay col- 
lected in the isotropic segments. (Fig. 6.) 


Asoaris megalocephala. 

In the extremely large sub-epidermal muscle-cells of Ascaris 
only a smaller part of the cytoplasm is differentiated as myo- 

fibrillae (cf. fig. 8). Here then 
the possibility presents itself of 
examining in one and the same 
cell equally thick layers of dif- 
ferentiated and non-differentiated 
cytoplasm and to measure absorp- 
tion-spectra with moderate en- 
largements, The fibrilla-part has 
a strong ultra-violet absorption. 
Absorption-speetra therein show 
a high concentration of substances 
with purine absorption as well as 
a high protein concentration, fully 
comparable with the musculature 
of the insects and vertebrates. In 
the fibrilla-free part, on the other hand, there are only extremely 
small quantities of substances with the 2 600-band, so that the 
protein-band appears almost pure (fig. 9). The protein concentra- 
tion is also rather lower in these parts. 



Fig. 8. Parts of two muscle-cells 
from the sub-epidermal musclelayers 
of Ascaris, The peripheral layers 
differentiated. Wavelength 2 570 A. 

Enlarged 300 times.- 
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Fig. 9. Absorption-spectra of points in the differentiated (upper continous curve) 
and undifferentiated parts (lower continous curve) of muscle-cells from Ascaris. 
The dotted curve gives the values of the lower curve, multiplied by an arbitrary 
factor. Comparison with the curve from the differentiated part shows, even without 
correction for L'ght-dispersion, thai the absorption of this part is proportionally 
higher than that of the undifferentiated part around 2 600 A (the adenylic acid 
band) but lower around 2 800 A (the protein band) and below 2 500 A (where the 
protein absorption rapidly rises while the adenylic acid absorption sinks). From 
this it appears that the differentiated part contains much more adenylic acid than 

the other part. 


Vertebrates. 

Striated musculature from frog, rat and dog was examined with 
ultra-violet micro-photography. The arrangement of alternately 
strongly and weakly absorbing segments appears clearly. Fig. 10 
shows a living muscle-fibre from a frog. That here, also, despite 
the smallness of the structure, we have to do with a true absorp- 
tion and not only with light-refraction appears from serial photo- 
graphs in different wave-lengths, which show the same conditions 
as have been described above for Drosophila musculature. Owing 
to the shortness of the muscle-segments and the great thickness of 
the muscle-fibres in comparison therewith no attempts were made 
to work out detailed absorption-spectra. 

In order to compare the relation between double-refracting and 
ultra-violet absorbing segments finely pulverized asbestos was 
sprinkled over the preparation of the living muscle. On the ultra- 
violet photographs and the plates that were taken in polarized 
light it was then possible to identify isolated segments with the 
guidance of the sharpedged, double-refracting grains of asbestos. 
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Here, too, the vaguely douhle-rejracting and the strongly ultra-violet 
absorbing segments were in agreement. (In certain material also a 
very fine strongly absorbing line goes through the central part 
of the strongly double refracting segment.) 

Cardiac musculature also 
shows the tj’pical arrangement 
of strongly and weakly absorb- 
ing bands. In the fibres of 
Purkinje, however, there is 
striation only in the outermost 
layers and there merely as an 
indication. Absorption-spectra 
w'ere measmed from the central 
region of Purkinje’s fibres (calf) 
and from the adjacent muscu- 
lature. The preparation was 5 y 
in thickness and the diameter 
of the region that was projected 
into the aperture of the photo- 
cell about 5 y. The muscle- 
segments w'ere considerably 
lower than that value and were 
passed obliquely by the light- 
rays. The muscle-structure W’as 
thus not “resolved” by tlie 
photo-cell. As the light-absorption is dependent solely on the 
amount of substance that the ray of light passes through and is 
not affected by the distribution of the absorbing substance, the 
absorption-curve in this case will be approximately the same as it 
would be if the sttbstanccs icere in 7nolecidar solution. The only condi- 
tion that must be fulfilled if the structure-factor is to be eliminated 
in this fashion is that the structure-elements shall be numerous 
and so small in comparison with the magnitude of the measured 
region that the different parts of the photo-cell receive more or 
less equal amounts of light. Figure 31 shows absorption-curves. 
They show that Purkinje^s fibres lack the high concentrations of 
adenine derivative that are characteristic of the contractile muscle- 
cells. 



Fig. 10. Living muscle-fibres from frog, 
photographed in body fluid at 2 570 A. 
Enlarged 720 times. 
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Fig. 11. Two pairs of curves from points in Purkinje’s fibres (the lower continous 
curves) and from adjacent cardiac musculature (the upper continous curves). The 
dotted curves have been plotted in the same way as in figure 8 and show the same 

conditions as there. 


Survey of the Results. 

The ultra-violet absorption exercised by the adenine derivatives 
at 2 600 A is as compared with protein substances of the muscle- 
protein t3^e exceedingly high — the order of magnitude of the 
extinction-coefficient relation is about 100 : 1; in consequence, 
elements that are rich in adenine derivative will appear clearly in 
ultra-violet pictures taken at this wave-length even if large quanti- 
ties of protein are in the immediate vicinity. Owing to the dis- 
persion of light in the muscle-structure, that is composed of ele- 
ments with considerably different refractive index, such pictures 
are, however, far from unambiguous. 

As compared with other tissues the musculature is distinguished 
by great quantities of adenylic acids. In order to demonstrate that 
these are for the most part combined with the contractile elements, 
absorption-spectra of the epithelial muscle-cells from Ascaris 
were measured, where only a part of the cytoplasm is differen- 
tiated to form myofibrillae. The fibril-part showed a high concen- 
tration of substances with the adenine-band (as well as fairly 
high protein concentrations), while the fibril-free cytoplasm 
showed a pure protein spectrum. A similar comparison is offered 
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by Purkikje’s fibres in the mammalian heart. In the calf they 
possess only a thin layer superficially differentiated to myo- 
fibrillae. Absorption-spectra of the part poor in fibrillae show a 
very low content of substances with selective absorption about 
2 600 A, wlule the cells of the adjacent cardiac muscle-tissue with 
the same layer-thickness show a high band in this place. 

By measuring complete ultra-violet absorption-spectra of the 
isotropic and the anisotropic parts in the musculature of arthro- 
pods with especially long segment it was possible to show that the 
main part of the adenine derivatives in non-working musculature 
lie collected in I. The partitions of the vertebrate musculature are 
too small to allow of an exact absorption-measurement; but the 
photographic series taken at various wave-lengths show with very 
great probability that the case is the same also here. 

Attempts to compare fatigued and imfatigued musculature were 
carried out on Drosophila material, which has especially long seg- 
ments. In the fatigued musculature substances containing ade- 
nylic acid were seen to wander down from the isotropic to the 
anisotropic segments. 


Discnssion. 

A number of different circumstances speak strongly in favour of 
the assumption that myosin, first investigated in detail by Edsall 
and Muralt, is the prime factor in muscle-contraction. It has been 
found in all examined muscle-substance, and its composition in 
widely varying classes of animals is strikingly homogeneous. 
{See Bailey, 1937). That the long polypeptid chain of the myosin 
molecule, like that of keratin, can be stretched and contracted by 
folding of the molecule-chain has been demonstrated by Astbury 
and Dickinson (1935). These workers were in one case even able 
to show such a folding in living musculature in connection with 
contraction. 

Comparisons between the polarization-optical and Boentgen- 
optical qualities of myosin fibres and muscle (see Weber) show 
that the double-refractive muscular part consists of myosin-rods 
arranged with complete axial parallelism. These rods have a dia- 
meter of nbout-45 A and a length of at least 500 A. The protein 
content in the single rod amounts to about 70 %. The rods are 
built up of at the most 20 fibre-molecules the involuted state of 
wliosc molecular chains can be changed. The double-refractive 
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muscle-segment thus consticutes an organ that is extremely 
lughly specialized for the performance of a special task and in 
wliicli for mechanical reasons there is but little room for other 
substances than the contraction-conditioning myosin. I is not in 
the strict sense isotropic; for ScnanDT (1934) has shown that it 
has a double retraction that in the material investigated amounts 
to about 10 % of A’s. It is probably conditioned by small quan- 
tities of myosin. Other protein substances mnst, however, be 
present, as is shown both by dessication experiments (Noll and 
Weber 1934) and the absorption-measurements given in the 
foregoing. The main part of the contraction takes place in A, while 
I’s share has been discussed. Studnitz found that on a weak con- 
traction I’s height was not changed, though it diminished on 
strong contraction. Wbether we have here to do with an active 
actual contraction or with a passive shortening brought about 
by A’a change of form cannot be decided. The decrease in height 
is, even on strong contraction, less than that of the adjacent A. 
The role played by the isotropic segments in the mechanical proc- 
ess of contraction seems thus to be a subordinate one, or in any 
case less immediate than that of the anisotropic segments. 

The glycolytic processes that constitute the energetic basis for 
the contraction seem in different types of muscle-tissue to follow 
a course similar to that found in the type of musculature that has 
been most carefully investigated, namely, skeletal muscle. (See 
regarding smooth musculature: Dworaczek and Baarenscheen, 
1937; Meeraus and Lorbeer, 1937. Ee cardiac musculature: 
Ochoa 1937). The amount of creatine phosphate varies. In cer- 
tain muscles its task seems to be performed to a greater or lesser 
extent by arginin phosphate. Adenylic acid and adenyl-pyrophos.- 
phoric acid are invariably found. 

Unambiguous data from various quarters show that the break- 
ing up of the adenyl-pyrophosphoric acid, which reaction is exo- 
thermic and rapid, precedes the other processes in the breaking 
down of the carbohydrates. It probably takes place in the very 
first stage of the contraction (see e. g. Lundsgaard, 1938). The 
subsequent reactions: the breaking down of phospho-creatine and 
phospho-arginin etc, as w^ell as the actual glycolysis, serve to 
restore the adenyl-pyrophosphoric acid and to maintain it at a 
constant phosphorylation level, which in the resting -muscle seems 
to be high. 

The demonstration in the foregoing that the adenine derivatives 

8 — i22195. Acta phvs. Scandiiiav. Vol.-i. 
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in the resting muscle are chiefly localized in the isotropic segments 
shows that the segmentation of the striated musculature implies 
a chemical differentiation covering more than the differences in 
myosin-concentration that the polarization-optical investigations 
render probable. The most probable explanation is that the for- 
mation of. the adenylpyrophosphoric acid (by far the most pre- 
dominant adenine derivative in resting muscle) takes place in 
these. The striation of the muscle would thus be conditioned by 
a chemical differentiation in a contractile part and a part where 
the formation of substances that supply energy for the contrac- 
tion takes place. There is also a certain support for such a view in 
earlier observations. That the staining conditions in I and A 
change in connection with the contraction has been known for 
long, but on account of the complicated physico-chemical condi- 
tions it seems at present impossible to draw any conclusions what- 
soever regarding the course of the chemical processes. With gly- 
cogen-staining in resting muscle Studnitz (1934) found glycogen 
both in I and A. After work the stainable granules disappeared, 
and on restitution they reappeared first in I. This speaks in favour 
of a particularly important role for I in the glycogen conversion. 
The observations alone that during strenuous muscular work the 
adenine derivatives wander along the fine fibrillar structure into 
A must, since artefacts can in all probability be excluded, be in- 
terpreted as a direct transport of adenyl-pyrophosphoric acid, 
from I direct to the contractile elements, as this acid constitutes 
the main part, possibly all, of the adenine derivatives during rest. 
The energy from the glycolysis in I is thus transported direct by 
adenylic acids to the contractile j)rotein chains and there used for 
the contraction. Whether this takes place as an introduction to 
a contraction or as a restitution after a contraction is irrelevant 
in the present discussion. 

As regards the chemical process in connection with the trans- 
ferance of energy from the adenyl-pyrophosphoric acid that has 
flowed down in Q and is in contact with the oriented myosin-rods, 
absorption-data cannot, of course, give any help. Certain chemical 
investigations seem, however, to show that such a direct trans- 
ferancc as has been postulated as most probable in the light of 
the above data, is chemically quite conceivable. Exgeliiardt 
and Ljubimowa (later confirmed by SzENT-GvoRoyi and Baxga 
(1940) and D. I\r. Needham* found that the jennent that splits 

• Xot published, cited in J. Nkediiam et collab. (1941). 
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the iidotyl-pyropJiosphoric acid cannot finiclion except in the pres- 
ence of myosiyi or else is myosm itself; and they maintain that 
“the mineralization of adeninetriphosphate, often regarded as 
the primary exothermic reaction in muscle contraction, proceeds 
under the influence and with direct participation of the protein 
considered to form the main basis of the contractile mechanism 
of the muscle fibre.” 

J. Needham, Shen, D. M. Needham and Lawrence (1941) 
have further confirmed this in that they have showm that adenyl- 
P3Tophosphatc has a markedlj' strong capacity to decrease the 
double refraction of flow in a myosin solution. This effect, that 
is referred to a change in the degree of dispersity and the particle- 
length is, curiouslv enough, reversible. As a possible mechanism 
for the interaction between adenyl-p}’rophospliate and myosin 
in the muscle these authors suggest the h}T)othesis that the myosin 
itself is phosphorylizcd and is the last link in the chain of simul- 
taneous energy and phosphate transferance. 

The.sc observations, that show that a transferance of energy 
direct from ndenj’l-pj’rophosphatc to mj'osin is in a high degree 
probable, supplement well what has been shown above. If the 
mj'osin, or a therewith closely associated protein is responsible 
for tile depho-sphoryJation and thus also the liberation of energy — 
and according to Needham, Shen, Needham and Lawrence’s 
hypothesis also responsible for the transferance of the energy 
b}' means of phosphorylation to the actual myosin molecides — 
then this process muse take place above all where the main part 
of the myosin is localized, i. e. in the anisotropic segments. This 
con.stitutes the continuation of the process that has been postulated 
above on the strength of the cj-to-chemical data, and it thus seems 
probable that the energy with adenyl-pyrophosphate is transported 
not onlj' to but also on to the contractile m^msin. 

On account of the short transport-roads the diffusion after the 
existing concentration-falls is probabh' sufficient to explain the 
wandering of the released adenyl-p}Tophosphate from I and of the 
adenj'Iic acid in the opposite direction, which may also be a part 
of the explanation of the circumstance that musculature with shoKt 
segments is capable of quicker action than is musculature with long 
segments. 

"Whether the muscle-contraction is released by the diffusing of 
the adenyl-pyxophosphates to the contractile myosin-chains (from 
which they are .spatially separated) either by permeability changes 
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or some similar process, or whether this process is a restitution- 
process after contraction of a myosin-chain bearing potential 
energy can only be decided by kinetic investigations. The strict 
way in which the substances in the resting muscle are separated 
from one another makes the former process seem at present fairly 
probable. 

The characteristic structure of the striated muscle thus seems 
to be conditioned by a differentiation in parts with a chiefly con- 
tractile function and parts whose chief functions are in the ser- 
vice of the chemical conversion. In connection with the contrac- 
tion, energy is transported from the latter to the former by means 
of adenyl-pyrophosphate of the corresponding phosphatase, which 
may possibly be the myosin itself. This arrangement, with parts 
only a few/^ in height, just enable an extraordinary effectivity and 
rapidity of function, which qualities are among the most promi- 
nent of the striated muscle-fibre. 


Summary. 

Ultra-violet absorption-spectra have been measured of individ- 
ual isotropic and anisotropic segments in striated muscle-fibres 
from insects. By means of comparisons with ultra-violet micro- 
photographs it is shown to be probable that the results obtained 
in this way are applicable to striated musculature in general The 
absorption-curves show that the main part of the adenine deriva- 
tives (adenylic acid and adenyl-pyrophosphoric acid) in the resting 
muscle are localized in I. These segments seem to have their main 
function as the seat of chemical energetic processes while A is the 
seat of the contractile elements. From observations on fatigued 
muscle-fibres one deduces that energy is transferred from I to A 
by adenyl-pyrophosphate whose energy is released by the phospha- 
tase that is bound to the myosin. 

The background to the striation of the muscle-fibres thus seems 
to be a differentiation of contractile parts and chemically-working 
parts respectively. The transport of energy from the latter to the 
farmer is performed by adenyl-pyrophosphoric acid. 


The work has been supported by' funds from the Eockefellcr 
Foundation and the foundation "Thdrese och Johan Anderssons 
minne.” 
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The Pliotopic Spectrum of the Pigeon. 
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RAGNAR GRARIT. 

(Received 18 April 1942.) 


In a number of papers in this Journal (Granit, 1941—1942) I 
have described the spectral properties of receptors of different 
retinae, analyzed -with the micro-electrode technique first used by 
Granit and Svaetichin (1939) with the frog’s eye. In some types 
of retinae isolated elements have been obtained without diffi- 
culties, in others simultaneous activity of several units has been the 
rule. The eye of the pigeon belongs to the latter type, in fact, so 
much so that I never have succeeded in obtaining a restricted 
response from this retina with the same micro-electrodes whicli 
have given large single spikes from eyes of rats, guinea pigs, and 
cats, less regularly, well isolated spikes even from frogs which are 
not so favourable preparations as the mammals mentioned. It is 
tempting to believe that the ultimate cause behind this fact is that 
convergence towards the optic nerve, where recording takes place, 
is far less prominent in the pigeon’s eye (Chiewitz, 1889) tlian in 
the others. This eye has both rods and cones but is dominated 
by cones (Schultze, 1866). 

The fact that a reasonable degree of isolation of the colour- 
sensitive elements could not be obtained with the pigeon prevented 
a detailed analysis of their spectral properties. Only the average 
photopic spectrum of the pigeon’s eye has been obtained. 

Methods. 

The pigeons were anaesthetized with a solution of O.i cc Ayertin 
in 1.0 cc urethane (emulsion). About O.J cc of this mixture was injected 
intraperitoncally. The head was fixed with pins, cornea and lens re- 
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moved, and the micro-electrode inserted under the preparation micro- 
scope. Spontaneous activity was mostly present. The discharge to 
illumination consisted of massed impulses, amplified and led to cathode 
ray and loudspeaker. The threshold was determined in the different 
wave-lengths by listening to the discharge and obser\dng it on the 
screen. The inverse value at the threshold was calculated in per cent of 
the maximum. 


Results. 

The pigeons were light-adapted for 10 — 20 min. to the micro- 
scope lamp (2,400 m.c.) after which the return of sensitivity was 
followed for a number of wave-lengths. As in all other animals 
with both rods and cones the recovery of sensitivity followed in 
two steps, a first slowly rising phase during which the absorption 
of the cone system dominated, and a second phase during which 
a rapid and large rise of the sensitivity (1/energy) took place. 
The latter phase led to a particularly great increase in the region 
of 0.500 /(. This change has been illustrated in previous work 
(Geakit, 1941 b, 1942 a). Suffice it here to take 2 curves which 
also illustrate variations in a single experiment. These are shown 
in fig. 1. The curve to the 
right was obtained immediat- 
ely after light-adaptation but 
dark-adaptation was already 
making itself felt in the 
short wave-lengths before the 
experiment was completed. 

Somewhat later in the same 
experiment the whole curve 
has shifted to the left. Thus 
the pigeon has a Purkinje 
shift. Nevertheless it some- 
times happens that the elec- 
trodes pick up the discharge 
from a region which does not 
dark-adapt in this manner but merely slowly and moderately 
increases in sensitivity, the photopic distribution in the spectrum 
all the time remaining constant. One has probably then struck 
a rod-free area. In the rod-free eye of the Greek tortoise (Gra- 
NiT, 1941 a) all places behave in this manner. But in the pigeon 



Fig. 1. Single experiment, initially light- 
adapted pigeon first gave photopic distri- 
bution (open circles), later scotopic distri- 
bution of sensitivitj' (filled circles). Equal 
energy spectrum. 
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Pig. 2. Two experiments with light- 
adapted pigeons. Recording from places 
in the retina which did not dark-adapt 
in the course of the experiment. Equal 
energy spectrum. 


Pig. 3. Averages of 372 values from 
27 series obtained from 201ight-adapted 
pigeons. Incipient dark-adaptation in- 
dicated hy broken line. Speotnim of 
equal quantum intensity. 


dark-adaptation as a rule begins after about 15 — 20 min. to affect 
the spectral distribution of the pbotopic eye. The beginning of 
this process is already found in the photopic curve of fig. 1. 

These facts deserve to be pointed because methods based on 
training the animals, on pupillary reactions etc, cannot keep 
incipient dark-adaptation in check as tvell as the very much faster 
electro-physiological technique. The photopic maxima obtained 
by such methods can therefore easily become mixtures of photopic 
and scotopic curves. A photopic curve published by Laurens 
(1923) with maximum in 0.564 ft is probably influenced by dark- 
adaptation. 

In fig. 2 is illustrated two single experiments in which the 
increase in the short wave-lengths is absent. The maximum is 
found to be around 0, 580 /ii, or 0.020 /i further to the right than in 

the frog’s eye. . , . j / on 

We can then proceed to average the 27 senes obtained from 2 
pigeons, together based on 372 averaged values and a much greater 
number of individual readings. This curve, plotted against a spec- 
trum of equal quantum intensity, is shown in fig. 3. The values 
are somewhat too high around 0.500 /4 owmg to the fact that jt 
has not always been possible to avoid incipient dark-adaptation. 
Despitn this the maximum must be placed- around 0.580 ft. I 
should perhaps add that, excepting the easily recognizable ten- 
dency of the curv^es to be influenced by incipient dark-adaptation, 
I have never seen any animal in which the same photopic spectral 
distribution from case to case has recurred with such monotonous 
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regularity as the pigeon. Probably the reason for this is the great 
number of units that always were found to be simultaneously 
recorded. Every single curve is thus an average in itself. 


Anomalous Nature of Purkinje Shift of the Pigeon. 

One of the main conclusions suggested by my analysis of the 
colour receptors with micro electrodes (cf. esp. Geaxit, 1942 a) is 
that animals with good colour vision always have a broad domina- 
tor band of spectral sensitivity and a number of narrow and steep 
modulator bands in different regions. I have assumed (Graxit, 
1941 c) that the broad dominator band mediates the perception 
of white and that the modulators serve to modulate this impres- 
sion to colour by emphasizing their own spectral regions when 
stimulated. The broad band, which in the frog (Graxit, 1942 a) 
and in the cat (Graxit, 1942 unpublished) also is served by iso- 
lated units is the ’’carrier” of the Purkinje shift. For the system 
activated by visual purple in scotopic vision (maximum around 
0.500 ft) the photopic carrier of the Purkinje shift in frogs, cats 
and, to all appearance, also in man has its maximum around 
0.560 ft. How are we now to understand that in the pigeon the 
dominator band, which in all animals is identical with the average 
photopic spectrum, turns up shifted 0.020 ft to the right with 
maximum around 0.580//? 

There is, to begin with, no reason whatever to assume the 
\nsual purple of the pigeon to be different from that of the frog. 
Beyond the single set of readings in fig. 1 I have not made any 
systematic observations on dark-adapted eyes, for the simple 
reason that Graham, Kemp and Riggs (1935) already have pro- 
\dded such data with the electroretinogram as index. Laurexs 
(1923), utilizing the pupillary reaction, and Graham, Kemp and 
Riggs have come to the conclusion, supported also by my obser- 
vations, that the scotopic photosensitive system reproduces the 
absorption curve for \’isual purple. Visual purple has been extracted 
from the eye of the pigeon already by Hess (1912). 

VTiy then this apparent exception from what seems to be a rule, 
namely, that when the visual purple is of the type with maximum 
around 0.500 ft, then the photopic dominator substance has its 
maximum around 0. 560 ft1 Rather than to announce an exception 
from this rule, before compelled to do so by overwhelming evidence. 
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I would suggest that the difference is due to selective absorption 
by the intensely coloured oil globules of this eye. My assumption 
can be well supported by evidence. 

The oil globules, discovered by Hannover (1840, 1843), were 
found by Kuhne (1879) to consist of the red rhodophane, the 
y'ellowgreen chlorophane, and the orange xantophane. Their 
spectra have been determined by Krause (1934), Wald and 
Kussman (1937) and by v. Studnitz and Busch (1941) in extracts 

from chicken retinae which 
possess the same droplets as 
the pigeon’s retina. With the 
chicken there have also been 
carried out important experi- 
ments by Honigmann (1921) 
on the scotopic and photopic 
sensitivity distribution, one of 
the few papers on such sub- 
jects in which adequate training 
methods have been combined 
vdth adequate physical tech- 
nique. He found in the dark- 
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Fig. 4. To the right; Honiomann’s (1921) 

•photopic curves for light-adapted chicken 
replotted on a percentage basis. The curve 

with maximum in 0.5Cn « refers to young - , t -u .• 

.animals, the one with maximum in 0.5SO/t adapted state the distribution 
to gromi-up animals. required by visual purple. In the 

To the k ft: Absorption by the oil globules I, , 

according to v. Stodxitz and Bu.scir light-adapted state the young 
(1941). 1, extract on all coloured animals were found to give a 

droplets: 2. xantophane alone. pj^^topic curve with tnaxm 

in 0.560 n, the fully grown animals, hotvever, gave one with 
maximum around 0.580 fx. His curves are shown redrawn in 
percent of the maximum to the right in fig. 4. 

How it is hardly probable that the photochemical substance has 
ultered with age. His suggestion, that the density of the coloured 
filters has increased is altogether more reasonable. Their absorp- 
tion maxima depend sometvhat upon the solvent (see e. g. Wald 
and Zussman,.1937). I have inserted in fig. 4 two schematic curves, 
based on the data of V. Studnitz and Busch (1941), one for xanto- 


phane and the other for all substances extracted together witli 
ether. It is clear that these filters tend to cut down sensitivity in 
the medium and short wave-lengths thereby pushing the photopic 
curve towards the red side. This gives a satisfactory explanation 
of the difference in the photopic curve of the pigeon as compared 
with the one found in frogs, cats and man. 
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Wald (1937) claims to have isolated from the eye of the chicken 
a substance vhich he calls »iodopsin» and assumes to be the cone 
substance v'ith maximum in 0.580 [i. Quite apart from the fact 
that its spectrum cannot be regarded as settled by the work re- 
ferred to, one would also like to reserve judgment as to the existence 
of this substance until further evidence has been presented. 


Colour Vision of the Pigeon. 

From the work of Hamilton and Coleman (1933) we know 
that the pigeon has good colour vision, a conclusion which also is 
suggested by the presence of a Purldnje shift. It is regrettable 
that technical difficulties have prevented a study of restricted 
units of activity in this animal, but to judge from experiments on 
other animals with colour vision (Geanit, 1941 — 1942) the broad 
dominator band of this eye must also be modulated by narrow 
bands in different regions. Perhaps the oil globules add somewhat 
to the differentation obtainable by these means. 


Summary. 

The precise form of the photopic spectrum of the pigeon has 
been measured with the electrophysiological technique used with 
other animals in previous contributions to this problem. 

The filtering effect of the coloured oil globules has been discussed 
in relation to the photopic spectrum. 
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There are some old observations by Sherrington and Sowton 
(1911) indicating that variations of form and strength of electric 
stimuli may lead to a certain amount of selectivity in the activation 
of the ensuing reflex pattern. But this line of approach to reflex 
excitation appears later to have been neglected to such an extent 
that, when we now took it up, it soon was possible to find a rather 
striking, regular and easily reproducible effect of a pure frequency 
variation into the higher ranges which with the aid of neon or 
thyratron stimulators now are available without expense and 
labour. 

This effect consisted in a transient strong extensor feflex, 
coupled to a number of vegetative reflex reactions, maximal at 
a stimulation frequency around 100/sec. This paper mil be de- 
voted to a description and primary analysis of this phenomenon. 


Method. 

The experiments have been carried out on 25 decerebrated and 2 
anaesthetized cats. The latter received O.-J — 0.5 cc 10 per cent Dial 
Ciba per kg intraperitoneally. For stimulation neon-stimulators ranging 
up to 1000/sec. at constant output strength, were available. Extensor 
and flexor reflexes (mm. quadriceps and tib. ant.) were recorded with 
a Brown-Schuster spring myograph and kymograph. Only decerebra- 
ted animals were used in these experiments. Blood pressure and pupil 
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reactions were studied on the animals which received dial. The width 
of the pupil was recorded with a film camera (10 pictures/sec.) with the 
eye illuminated at a distance of 20 cm. 

In the decerebrate animals all nerves except those innervating the 
muscles used were severed in most experiments. 


Results. 

The Transient Extensor Heflex against a Background 
of Crossed Extension. 

The experimental arrangement was the one generally used for 
the recording of an ipsilateral inhibition (in this case through 
the proximal stump of the left sciatic) of a crossed extensor 



Fig. 1. Rcfle.x contraction of quadriceps muscle. In this and the following figures 
records not strictly, but almost isometric. Duration of stimulation marked below. 
Upper line: stimulation of contralateral sciatic at 25 per sec. l/owcr lino: stimula- 
tion of ipsilateral sciatic, causing inhibition succeeded by transient reflex, at fre- 
quencies 96 (A), 83 (B), 60 (C), 30 (D) and 15 (E) per sec. Inhibition alone and not 

followed by transient reflex in D and E. Horisontal line in A marks 20 sec. 

reflex elicited by stimulation of the proximal stump of the right 
sciatic. The stimulus for the crossed extensor is of constant strength 
and frequency, the ipsilateral inhibitory stimulus is varied wth 
respect to frequency. The frequency of the latter falls from A to 
E in fig. 1. 

At the low' frequencies (15 and 30 per sec.) D and E there is 
the typical well-knowm inhibition of the crossed e.xtensor. But al- 
ready in G at a rate of 60/sec. the inhibition is interrupted by a 
transient rise of excitation. In B, at 80/sec. this effect is better 
marked but still transient although, as the figure shows, the inhib- 
itory stimulus still is active for some time after ce.ssation of the 
transitory extensor contraction. This contraction is maximal in 
A with a stimulus of 96/sec. to the same ipsilateral nerve that eli- 
cits pure inhibition when stimulated at low' frequencies. The series 
is ty'pical. 



SELECTIVE ACTIVATION OP A TRANSIENT REFLEX. 127 

The lower limit for the transient reflex is about 60 — 70/sec.; 
in some cases an effect can be traced at slightly lower stimulation 
frequencies. The optimum at about 100/sec. is succeeded by a fall 
in the transient contraction to be discussed below in relation to 
additional experimental evidence. If the frequency is only just 
above the lower limit of the effective range the latent period is 
lengthened and the contraction reaches its maximal height more 
slowly. But this secondary reflex is always transitory in the sense 
that it has disappeared before cessation of the inhibitory stimulus, 
as can be seen in the records. The removal of the ipsilateral inhibi- 
tion is followed by a strong contraction 
involving return of the extensor reflex 
background to the level kept up by the 
excitator}’’ stimulus alone. Prolongation 
of the inhibitory stimulus did not lead 
to reappearance of the transitory extensor 
contraction. 

Two extremes showing the range within 
which the type of the transitory reflex 
has varied are illustrated in fig. 2. The 
one is a comparatively slow reflex with 
a drawn-out maximum (2 A), the other 
one a fast affair with a high maximum 
(2 B). Quite often clonic contractions are 
seen to split the contour tracing the tran- 
sitorj' contraction, as in fig. 8 A. Some of 
case to case may come from the lab}Tinthine and neck reflexes 
which influence the transitory contraction just as they affect the 
extensor reflex itself. Also the level of decerebration is of impor- 
tance. High sections often lead to slow contractions with clonic 
movements superimposed (e. g. figs. 5 and 8 A), low sections seem 
to further a transient reflex of the fast type, shown in its most 
pronounced form in fig. 2. 



A B 


Fig. 2. Crossed and ipsi- 
lateral stimulation as in 
fig. 1. The ipsilateral sti- 
mulus at 96 per see. Two 
different experiments il- 
lustrating extremes of va- 
riation in transient reflexes. 
Horisontal line in A marks 
20 sec. 


these variations from 


General Transient Reflex Pattern. 

The transient extensor reflex is part of a complex reflex pattern 
affecting the whole animal. When stimulation of the sciatic at a rate 
of 90 per sec. has lasted a few seconds the general reaction sets in 
with great force: in parallel with extensor contractions in all limbs 
the head is drawn towards the trunk, the tail bent in between the 
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hind legs, and the whole animal assumes a position of ventro- 
flexion. At the maximum of the effect micturition is quite common. 
The whole reflex attitude is transitory, strictly parallel to the ex- 
tensor contraction and dependent upon frequency of the stimulus 

just as the latter. At lower 
frequencies it is less marked 
and below 50/sec. absent. 

The occurrence of micturi- 
tion led to the surmise that 
other vegetative components 
might be involved. For this 
reason blood 'pressure and pupil 
loidth were recorded in some 
experiments. The effect on the 
blood pressure is very marked 
(cf. A^chkenaz 1939) as shown 
by fig, 3, the pupil also dilates' as illustrated by fig. 4. These 
effects too are transitory and dependent upon frequency of the 
stimulus in the same manner as the others. These animals had 
received dial and did not show the reflex muscular components 



Fig. 3. Blood pressure in a. caroiis of 
cat. Stimulation of sciatic nerre between 
arrows. A at frequency 96, B at 20 per 
sec. Time in sec. 



Fig. 4. Change of diameter of pupil in per cent of resting value following stimu- 
lation of sciatic nerve at frequencies 90 (lino dra'vrn in full) and 20 (broken line) 

per sec. 


of the general transitor}’’ effect. Therefore it is clear that the 
vegetative reactions are not secondary to the motor activity. 

The reflex pattern thus seems to be a comprehensive defensor 
reaction with somatic components combining to the picture of an 
infuriated cat. 




j. 
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Fig. 5. Reflex contraction of quadriceps 
muscle. A and B marked as in fig. 1. 
Ipsilatcral stimulation in A at 96, in B 
at 25 per see. Contralateral at 25 per sec. 
in both records. C, contralateral stimula- 
tion, first at 96, then at 25 per see. Hori- 
sontal line in C marks 20 sec. 


Frequency Variations of Ipsi- and Contralateral Stimuli. 

Continuing the analysis with the -well defined transient extensor 
contraction as the best analyzable part of the complex reflex 
pattern we shall now vary the 
frequenc}* of the contralateral 
stimulus eliciting the crossed 
extensor reflex itself. In fig. 

0 A and B there is first the 
control with an ipsilatcral 
stimulus at 25/sec. inhibiting 
the crossed extensor (B) but 
causing the tj’pical transitory 
extensor contraction at fre- 
quency 95/sec. (A). In fig. 5 G, 
however, the high frequency 

95/sec. is used to elicit the same crossed extensor (curve on 
the left). This now also has a secondary, transitory maximum 
exactly as in the foregoing case when the ipsilateral nerve was 
used. But wth the frequency 25/sec. (curve on the right) as 
control there is only the ordinary crossed extensor wthout any 
transient secondary reflex. Thus it is unnecessary to elicit the 
transient effect with the ipsilateral inhibitory stimulus. The 
contralateral nerve exciting the crossed extensor also causes the 
same reflex pattern to appear. Frequency, parallelism with the 
general refle.x response, and latent period are identical in both 
cases. The only difference is that ■with the ipsilateral inhibitory 
stimulus the reflex appears as a secondary hump in the trough 
caused by inhibition, \vith the contralateral one, as a hump on 
top of the crossed extensor. 


The Stretch-Reflex Background. 

Hitherto the crossed extensor, both in the active and in the 
inhibited state, has been used as background for the transitory 
reflex. Now -with the quadriceps muscle and the ipsilateral sciatic 
nerve different degrees of stretch-reflex background -will be set up 
by increasing the amount of tension in the muscle. This can be 
done by raising the myograph on its stand, the cat being clamped 
to the myograph table and stand with drills through the bones in 
the usual manner. 

9 — '/22J05. Acta phvs. Scandinav. Vol. -i. 
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In fig. 6 A and B initial tension has been insignificant. At the 
lower frequency of 25/sec. there is no effect, the higher frequency 
95/sec. elicits a typical transient reflex despite the low degree of 



Fig. 6. Eefle.v contraction of quadriceps muscle. All stimuli ipsilatcral. In A 
and B initial tension approaching zero, frequencies of ipsilatcral stimulus respcc- 
tirely 25 and 06 per sec. In C and D the lower curve illustrates the rise of the myo- 
graph in order to increase tension. The muscle (above) gives stretch refle.’c which in 
C only is inhibited by stimulation at 25 per sec., in D inhibition is succeeded by 
transient reflex when stimulus frequency has been increased to 9G per sec. E. 

Same as B, but recorded 1 hour after transection of spinal cord. Time in 5 sec. 


stretch (initial tension 0.2 kg.). It is preceded by inhibition of the 
small stretch reflex under these conditions. The general reaction 
was also present. In fig. 6 C and D the same experiment is repeated 
■nith the muscles stretched to an initial tension (including myotatic 
reflex) of nearly 2 kg. At the lower frequency (C) there is merely 
inhibition of the stretch-reflex, at the higher (D) in addition the 
t)q)ical transient extensor reflex accompanied by tlie other reac- 
tions belonging to the same reflex pattern. Thus the transient 
reflex is little if at all influenced by the myotatic background. 


Transient Boflex and DeafTerentation. 

The results of the previous section indicate that the proprio- 
ceptive impulses are of little if any significance for the transient 
reflex. In order to throw further light upon this aspect of the 
question some experiments on deafferentation were carried out. 
On a decerebrated cat, denervated except for the muscle to be 
studied (m. quadriceps), the dorsal roots on the right side were laid 
bare and from L4 downwards just so many severed that knee jerk 
and stretch reflex disappeared in the muscle. This was checked by 
tapping the tendon and pulling on the muscle after the severance 
of a few strands of fibres at a time. The knee jerk and the stretch- 
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reflex disappeared when L4, L5 and the greater part of L6 
had been severed. The dorsal roots on the left side were 


intact and stimulation took place through the left sciatic. 

Although the reflexly active right 
quadriceps did not react to a tap on 
the tendon or to stretch, nevertheless 
the transient reflex effect was fully 
developed, as shown by fig. 7 A 
and B. We may therefore once 
more underline our previous state- 
ment that the proprioceptive impulses 
from the extensor muscle, thrown 
into transitory reflex activity by high 
frequencies of stimulation, are of little 
if any significance for the latter 
effect. 



Fig. 7. Reflex contraction of 
quadriceps muscle after deaf- 
ferentation (see text). A, ipsi- 
lateral stimulation alone at 
96 per sec., B, same stimulus 
against back-ground of crossed 
extensor elicited by contralate- 
ral stimulation at 25 per sec. 

Time in 5 sec. 


Spinal Animals. 

The next question concerned the significance of higher spinal 
segments for the reflex. It is clear from what has been said that 
it may be modified by segmental activity above the level of the 
reflex itself, but whether higher centres are essential or not could 
only be found out by studying spinal animals. The spread of the 
transitory reflex in so many different directions, particularly its 
appearance in all legs and the trunk, gave an additional interest 
to this experiment. 

In an animal, the transient extensor reflex of which is shown in 
fig. 6 A — ^D, the spinal - cord was cut in the region of the last 
thoracic segments leading to the typical symptoms of spinal shock. 
After an hour reflex activity was present and the ipsilateral sciatic 
nerve was now stimulated at different frequencies with the qua- 
driceps muscle attached to the myograph. Kg. 6 E shows that the 
transitory extensor reflex was readily elicitable by stimuU at a 
frequency of 95/sec. Thus, despite the presence of a general reac- 
tion in the intact animal, this particular component of it has its 
path laid down in the segments connected to the ipsilateral nerve 
stimulated. 
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Frequencies above 100 per Sec. 

The experiment of fig. 8 refers to stimulation of the ipsilateral 
sciatic "svith the quadriceps muscle attached to the myograph 

and minimal tension. Tlxree frequencies, 
100 (A), 300 (B), and 400 per sec. (C) 
have been used. The transient reflex 
diminishes with higher frequencies of 
stimulation and is absent at 400/sec. 

A still larger range of frequencies is 
analyzed in the experiment of fig. 9, 
where the frequency variation is put 
in over the ipsilateral inhibitory nerve 
against a background of crossed ex- 
tension, just as in the experiments 
presented in the first section. The 
frequencies range from 20 — 800 per sec. At the highest frequencies 
the nerve fibres may alternate and thereby alter the applied fre- 
quency. There is first pure inhibition at the low frequencies 



ABC 

Fig. 8. Reflex contraction 
of quadriceps muscle. Ipsi- 
lateral stimulation between 
arrows of sciatic nerve at 
frequencies 100 (A), 300 (B), 
and 400 (C) per sec. Hori- 
sontal line in A marks 
20 sec. 




Fig. 9, Reflex contraction of quadriceps muscle. In all records stimulation of 
contralateral sciatic nerve (not marked) at 25 per sec. leading to crossed extensor . 
Between arrows stimulation of ipsilateral sciatic nerve at frequencies 20 (A), 
CO (B), 70 (G), 80 (D), 90 (E), 100 (F), 1.70 (G), 200 (H). 300 (K), r.OO (L), and 
800 (.71) per sec. Horisontal line in A marks 20 sec. 


(A, B); then the transitory reflex sets in at 60/sec. (C), reaches its 
optimum at 90/sec. (E), thereafter to diminish again at higher 
frequencies of stimulation. Two complications arc visible in the 
records referring to these frequencies. The first is that the in- 
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hibitorj period shortens and is succeeded by an earlier rise of 
excitation which follows just after the transient reflex and leads 
to a higher level of the re-appearing crossed extensor, particularly 
marked at the three highest frequencies (K, L, M). The second 
complication consists of an abrupt fall of the extensor contraction 
when the ipsilateral stimulation stops. This fall seems to have an 
optimum in record K at 300/sec. 

These effects have not been further analyzed and will be taken 
up separately at some other time. 

Different Nerves. 

Some less systematic experiments have been carried out in order 
to find out whether the transitory reflex is restricted to definite 
input paths. Ipsilateral stimulation of nn. popliteus, peroneus, 
saphenns, and the hamstring has been used. N. popUieus has al- 
ways been active in our experiments, but the peroneal and 
saphenous nerve and the hamstring have only elicited inhibition 
of the crossed extensor, not the transient extensor contraction 
dependent upon frequency of stimulation. 

The Plesion. Reflex. 

The bilateral extension is the typical transitory effect. As 
sample of flexor effects was used m. tib. ant. reflexly activated at 
different frequencies through the ipsilateral tibial nerve. Nothing 
but the typical flexion reflex could be elicited in this experiments. 
At the higher frequency (96 per sec.) the reflex contraction dimi- 
nishes after a brief latency. lATiether this is due to blocking fatigue 
or to antagonistic inhibition caused by the transitory reflex in the 
extensors has not yet been ascertained. 

Discussion. 

Though it is clear from the results presented that we are dealing 
with a very characteristic reflex pattern responding optimally to 
a certain frequency range of stimulation, it is not thereby demon- 
strated that just this particular reflex is the only one responding 
optimally to the range in question. We may only have foimd 
particularly favourable conditions for demonstrating the effect 
of frequency. 
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The limitation of the effect to certain afferents and other facts 
known about the effect of frequency of stimxilation upon peri- 
pheral nerve (see e. g. Gasser and Grhndeest, 1939) would seem 
to make it highly improbable that the optimal range of frequencv 
is peripherally determined. The mechanism is almost certainly 
central. Temporal summation may be optimal for the frequency 
range found and this together with a diminution of inhibition at 
higher frequencies may be the factors determining the release of 
the transient reflex under the conditions defined in this paper. 
But even if this be so, the mechanism must still be said to be 
unknown. To what an extent reflex excitation generally is favoured 
by certain rates of stimulation remains to be determined. That it 
is so in this particular case throws new light upon the significance 
of the frequency variation of the normal afferent input as a basis 
of selection. 

The transient reflex may be identical with the extensor thrust. 
Attempts to verify this suggestion have not yet been made. 

Summary. 

Experiments have been carried out on decerebrate cats with a 
view to studying the effect of frequency of stimulation upon reflex 
activity. 

With frequencies between 50 — 100 per sec. stimulation of the 
sciatic nerve activated a late secondary extensor reflex after a 
latent period of 3 — 5 sec. This reflex was transient in the sense 
that it lasted only about 15 — 30 sec. The optimal frequency, for 
which this transient reflex was ma.ximal, was 90 — 100 per sec. 

The transient extensor contraction was found to be part of a 
complex general defensor pattern involving extension of all limbs, 
ventroflexion of the trunk and the tail, wihdrawal of the head, 
and a number of vegetative components such as micturition, raise 
of blood pressure (cf. Aschkenaz 1939), and pupil dilatation. 
The vegetative effects were also observed in animals wliicli had 
received dial and therefore did not show the motor reactions. 
The whole defensor reflex pattern was optimally evoked by the 
frequency' optimal for the extensor contraction. 

The transient extensor refle.x turned up bilaterally. When 
evoked by an ipsilateral stimulus in the midst of a crossed extensor 
it showed itself as a transitory contraction in the trough of the 
ipsilateral inhibitory effect. However, it turned up equally well 
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•nitliout a background of crossed extension. 'Wben elicited by 
crossed stimulation the transient effect bad tbe shape of a bump 
on tbe ordinary crossed extensor reflex, provided that tbe fre- 
quency of tbe stimulus was sufficiently bigb. 

No proprioceptive background was necessary for tbe transient 
extensor contraction, as shown by deafferentation. 

Section of tbe spinal cord in tbe lower thoracic region did not 
abolish the reflex. 

Tbe transient reflex could be elicited from n. ‘poplitens but not 
from nn. peroiiens, saphenus and glut. sup. 


References. 

Aschkenaz, D. M., Amer. J. Physiol. 1939. 125. 119. 

Gasser, H. S. and H. Grunofest, Amer. J. Physiol. 1939. 12T. 393. 
Sherrington, C. S. and S. C. M. Sowton, Proc. Roy. Soc. 1911. 83 B. 
435. 



From the Laboratory for the Theory of Gymnastics, 
University of Copenhagen. 


Transmission of Impulses from iS'erve 
to Muscle Fibre. 

By 

FRITZ BUCHTHAL and J. LINDHARD. 

(Received 21 April 1942.) 


Introdoction. 

there is a general agreement concerning the properties 
of certain chemical substances as mediators of autonomic effects, 
ttvo opposite yietvs are held as to the transmission of impulses 
from nerve to voluntary muscle. 

According to Eccles (1936), ]^Io^^s^ER (1934, 1936), et al., 
the action current accompanying nerve impulses represents the 
phj'sioJogical stimulus and acetyhhoUne is considered a by- 
product of ner\*e metabolism. BROtvK, Dale, Eeldberg (1936) 
and their collaborators, however, interpret their experimental 
results as evidence for a chemical transmission and they regard 
acetylcholine as a mediator of impulses from nerve to voluntary 
muscle. 

In direct measurements, the existence of a polarized interface 
between nerve and muscle, and its definite relation to the excit- 
ability of the muscle could be demonstrated (Buchthal and 
Lildhard, 1934, 1935, 1937). Jloreover, preliminary reports were 
given (Buchthal and Lixdhard, 1937, 1939) concerning the 
stimulating action of acetylcholine when locally applied to the 
end plate. The present investigation comprises a more detailed 
study of the stimulating effect of certain chemical .substances and 
their relation to the potential difference between end plate and 
muscle fibre. 
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Hitherto nearly all investigations concerning these problems were' . 
carried out on whole muscles which were perfused with Ringer solu- 
tion containing one or more substances, the effect of which had to 
be investigated. In certain other cases, the perfusion fluid from 
an active muscle w^as led through the vessels of another muscle, 
in order to study w’hether the first one was forming substances 
which might cause or at least might be related to muscle con- 
traction. With respect to this technique, a considerable step 
forw'ard was made by the development of the so-called “close 
arterial injection” by Brown, Dale and Feldberg (1936). 
The substances w^ere introduced into the afferent artery in the 
immediate neighbourhood of the muscle. However, these proced- 
ures are too summary to give precise information. The dosage 
is extremely uncertain. Of course, the concentration of the sub- 
stance in the perfusion fluid or in the blood can be determined, 
but it remains unknown how large a dose was supplied to the single 
motor end plate. The distribution of the substance over the muscle 
with time or space cannot be followed. It cannot be elucidated 
whether all motor end plates or only part of them are stimulated. 
Hot all stimulated end plates are affected simultaneously, and 
the time differences are unknown. Therefore, the muscle reaction 
cannot be estimated even if it is easy to register when whole 
muscles are concerned. At any rate, we shall get an interference 
picture of the mechanical reaction which — even if action potent- 
ials are led off — will be very difficult or almost impossible to 
analyze more closely. 

These difficulties may be avoided by employing a microtech- 
nique, i. e. by applying the substances, the effects of which have 
to be investigated, directly to the motor end plate. Simultaneously, 
the reaction of the individual muscle fibre can be observed 
directly under the microscope. 

Following a suggestion of Sir Henry Dale, investigations of 
the last mentioned type were performed in recent years. 

Teclinique. 

As experimental object, muscles of the common lizard (Lacerta 
agUis) were applied. Frog muscles are less suitable in the present case, 
due to the special ramification of the motor nerves of Batrachia.^ 
However, the use of lizards involves the disadvantage that the animals 


' This explains Keil and Sichel’s experiments (1936, 1937). 
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are available only during the summer months. Even if vre succeed in 
keeping lizards aUve throughout the beginning of -winter, their muscles 
react very inertly, and it is impossible to keep isolated fibres alive 
for a reasonable time. The muscle mainly employed in these experiments 
and also in other experiments with motor end plates was the^profound 
layer of m. obliquus abdominis internus. The muscle was dissected 
in such a way that the final preparation consisted of one single layer 
of muscle fibres and their nerve supply. In some cases, the spinal cord 
of the preparation was exposed so that the muscle fibres could be stim- 
ulated from the corresponding spinal segment. A complete isolation 
of the single fibre is inappropriate, because an injury of its nerve supply 
during preparation will often be unavoidable. Furthermore, it was 
noticed that a completely isolated fibre generally has a shorter lifetime 
than a fibre which had not undergone so many manipulations. The pre- 
parations were kept in oxygen saturated Kinger solution,^ the pH of 
which was under control. "When not in use, the preparations were kept 
in a refrigerator or oh ice in order to secure a rather low temperature. 

The application of stimuli to the motor end plate and the reaction 
of the muscle fibre were observed under the microscope -with a magnif- 
ication of 150 times. In order to increase the reliability, all observations 
were performed simultaneously by two observers by means of a double 
eye piece. When working with preparations containing more than one 
fibre, this method was preferred to a registration of the mechanical 
reaction, since it guaranteed that the fibre belonging to the stimulated 
end plate was reacting. Especially when nerve stimulations are em- 
ployed, the stimulation would spread to numerous fibres, and sometimes 
spontaneous contractions of the preparation might occur. 

It was shown repeatedly by micro-application of pure Einger solution 
that the effects observed were really due to chemical stimulation and 
not to mechanical stimulation caused by the e.xperimental technique. 

The leading-off of electric 'potentials from the muscle fibres was carried 
out by means of unpolarizable micro -electrodes. Measurements were 
performed with a d. c.-amplifier and a compensation demce (Kehdn 
bridge). The leading-off electrodes were used also as electrodes for 
electric stimulation; platinum electrodes were used when the spinal 
cord was stimulated. Single stimuli (condenser discharges) as well as 
short-lasting tetanic stimuli (ILvxz, 1938) were applied. In order to 
make sure that the preparation was still alive, a control with direct 
electric stimulation of the muscle fibre was repeated at suitable time 
intervals, and especially after conclusion of the experiment. Chemical 
stimuli were administered on the motor end plate or on the fibre sub- 
stance, so far as pos.siblc in isosmotic solutions, by means of a micro- 


^ The polyviol Ringer solation was as follows; 

6.7 g XaCl 0.2 g glucose 1000 g dost, water 

0.2 g KCl 1.35 g Polyviol Am 

0.2 g CaCl, 0.5 g NallCOj 

An air stream consisting of 1 per cent COj and 99 per cent Oj "btis led throngh 
this solution. The pH of the solution was then = 7.S. 
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pipette in connection witli an arrangement for quantitative micro- 
injectioi^. This arrangement and the micro-electrodes were fastened to 
a Peterfi micro-manipulator. The principle of the injection arrangement, 
shown in Pig. 1, was similar to that of E!rogh’s microtonometer. By 




the micrometer screw M, the wire T (O.s mm in diameter) was moved in 
the chamber K which was filled with paraffine oil. Hereby, the chamber 
volume was reduced, and a corresponding amount of liquid was pressed 
out of the pipette. The pipette was treated with paraffine and had 
an opening of 20 — 30 /r. The amount of liquid applied to the end plate 
was 30 X 10® to 102 x 10® /r®. The apparatus was calibrated by weigh- 
ing. When a less accurate dosage was sufficient, an ordinary “mouth 
pipette” (Fig. 2) was used. If the diameter of the tip is known, the size 
of the drop may be estimated with fairly good approximation. 



As the motor nerve does not end in the fibre substance but in 
^ a special organ, the motor end plate, it might be anticipated that 
the nerve impulse, in order to come from the end of the nerve to 
the contractile substance, must pass at least two boimdary faces, 
^^z. the transition from the nerve to the sole of the motor end 
plate, and the transition from the latter to the fibre substance. 
The experiments confirm this assumption, as it has been possible 
to block the transition of nerve impulses without inhibiting the 
indirect excitability of the fibre from the end plate. 

The folloning report comprises experiments with chemical 
stimuli, the effects of which have been discussed in literature in 
connection with the stimulation process. 


Results. 

Acetylcholine: As previously mentioned, Dale and his collabo- 
rators regard acetylcholine as the substance which normally 
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transmits the stimulation process from nerve to muscle. If tliis 
is so, acetylcholine must he effective in numerous successive doses. 
It must therefore he presumed that acetylcholine is broken 
down almost in statu nascendi into ineffective split products. 
In the case of mammalian and avian muscles, an esterase in the 
end plate is assumed to hydrolyze acetylchohne to choline and 
acetic acid. The effect of this esterase may he inhibited by 
physostigmin or similar substances. 

In the case of the lizard muscle, we found that local application 
of acetylcholine in a dose of about 5 X 10"^ //g to the end plate 
caused a reaction of the muscle fibre with rapid contraction, 
similar to a very shortlived tetanus. Thereafter, all subsequent 
doses of acetylcholine were- ineffective. Hence, by a minimum dose 
of acetylcholine applied to the end plates, the skeletal muscle 
becomes unexcitable, and this effect lasts imtil the acetylcholine 
is removed in one way or another. Even the tenfold dose of 
acetylcholine placed directly on the fibre substance is without 
any effect; by still larger doses, the fibre is slowly brought to 
contracture. After washing the preparation in Ringer solution, 
the fibre responds again to a single dose of acetylcholine and is 
insensitive to subsequent doses. After one dose of acetylcholine, 
the motor end plate is blocked for nerve impulses, while the fibre 
still reacts to electric stimulation of the end plate itself. It has 
been suggested that the repeated application of acetylcholine 
is ineffective on account of a contracture following the first 
application. This assumption can, however, be discarded, since 
direct observations prove that the fibre does not contract and that 
it reacts normally towards other stimuli. As might be expected, 
a preliminary treatment of the preparation "^vith physostigmin is 
without any influence upon the results of the present experiments. 
Hence, cholinesterase does not seem to be present in lizard 
muscle end plates, or if present, it is without functional signifi- 
cance. Supposing acetylcholine to be the normal transmitter of 
the nerve impulse also in these animals, the reptile muscle must 
in situ contain an unknown mecham’sm which gradually removes 
acetylcholine as it is formed. 

As a result of the experiments with acetylcholine, w’c find that 
this substance acts as an indirect stimulus of the fibre when applied 
to the motor end plate. The motor nerve ends with numerous 
fine loops in the sole of the motor end plate. It must be assumed 
that the first ph}'siological boundary face directly surrounds 
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these loops and, therefore, is of a considerable surface — in 
contrast to the boundary betireen end plate and muscle fibre. 
Hence, acetylcholine has the same effect upon the first boundary 
face independent of -whether the substance is applied to one or 
the other side of this layer. (Fig. 3.) At the same time, as already 
mentioned, acetylcholipe blocks the transmission of nerve im- 
pulses as -well as the effect of repeated doses of acetylcholine. On 
the other hand, acetylcholine has no appreciable effect upon the 
other boundary face, since potassium proves to be effective with 
unchanged threshold even after several doses of acetylcholine, 
as will be described below. 



Figr. 3. Diagram of motor end plate showing the boundary faces. 

Curarine and ftovocaine show the same effect as acetylcholine 
upon the first boundary face. However, these substances do not 
stimulate the muscle fibre. Acting for some time, they also block 
the second boundary face, and then contraction can only be pro- 
duced by direct stimulation of the muscle fibre. Curarine thus 
acts in two stages. The first boundary face of the end plate is 
blocked rapidly, whereby the muscle fibre becomes refractory 
to nen-e impulses; thereafter, several minutes elapse before an 
effect can be noticed on the second boundary; as long as the latter 
is not blocked, an electric stimulation of the end plate will still 
be effective and “action currents” may be led off from the muscle 
fibre. These phenomena wliich can only* be observed by direct 
experiments on end plates are probably the ca-use of the general 
uncertainty and the diverging ^^ews found in the curare literature. 
The curare-like effects of acetylcholine were emphasized by 
numerous authors, among whom also Heirmau (1936) who in- 
vestigated the frog's m. gastrocnemius. This author applied 
acetylcholine in very large doses and stated that the substance 
in such doses inhibited the indirect excitability of the muscle. 
This result may be explained by the fact that Heirjian did not 
stimulate the motor end plate and, therefore, did not consider 
any other form of indirect stimulation except the nerve impulse. 
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An interpretation of Heirman’s other results is rather difficult, 
as his technique does not permit a proper analysis of the experi- 
mental results. 

Another substance which has been brought into relation to 
stimulation- and contraction processes^ in the muscle is potassium 
(Wilson and Weight, 1937, and Brown, 1937), the local applicat- 
ion of which would therefore be of some interest. 

In contradistinction to the substances previously mentioned, 
potassium affects the second boundary face of the motor end plate. 
"When applied to the motor end plate, potassium is effective in 
doses of about 10“^ fig (concentration 25 — 30 mmol) as an indirect 
stimulus to the muscle fibre. The first, the second, and in general 
also the third dose produce strong contraction of the muscle fibre. 
Frequently, however, the effect .of the third dose is somewhat 
reduced. Even in the tenfold concentration, potassium does not 
stimulate the muscle fibre directly; on the contrary, it seems to 
reduce its excitability. "When appjied in very large doses directly 
to the fibre, potassium causes contracture. A blocking of the first 
boundary face is without any influence upon the potassium cffcct,| 
After application of acetylcholine, potassium acts with the same 
intensity as when applied to the fresh end plate, and its threshold 
value remains unchanged. Potassium further stimulates the end 
plate wliich is insensitive to acetylcholine when the nerve impulse 
is blocked by curarine or novocaine. However, after a long- 
lasting .action of the last mentioned substances, also the second 
boundary face- is blocked, and potassium is now ineffective. 

Potassium as well as acetylcholine thus bring about indirect 
stimulations of the muscle fibre; the potassium effect, however, 
is not accompanied by a blockade of the transmission from nerve 
to muscle. After application of potassium to the motor end plate, 
electric stimuli, and also a first dose of acetylcholine, act upon 
the nerve or the end plate exactly as in the fresh preparation. 
A gradual decrease of the potassium effect is not due to blocking 
of the boundary face, but must be ascribed to other causes. 
"VMien considering the effect of potassium on the fibre, it must 
be remembered that large doses of potassium act as a protoplasms 
poison. 

In recent years, the question whether — under physiological 
conditions — a connection exists between potassium and acetyl- 
choline has produced an extensive literature; nevertheless, the 


’ Cf. Fks.s-’s review (193G). 
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results nre not encouraging. The interpretations given by various 
authors diverge as far as it is possible. This may be ascribed to 
the fact that the experimental tocluiiquo in most cases has been 
inadequate, nnd the ro.sults from these c.xpcrimcnte could only 
permit rather indirect conclusions. 

In agreement uith our own interpretation, Brown and Feld- 
m:r.G (193G) found that the effect of acetylcliolino upenthesym- 
p.'sthctic ganglions is abolished bj' curarine, wliile the potassium 
effect is uniiinucnced. Subsequently, these authors discussed the 
po.xsibility that potassium ion.s libcrnlc acetylcholine in the 
ganglion. According to this view, potassium .should act a.s a nerve 
stimulus and not as a trnnsjuitler. 

Keoin.ster (IP3f5) omphnsired that tlic nerve impulse liberates 
acetylcholine which again oausc-s a liberation of potassium ions. 
Potassium is assumed to be connected witli tlic stimulation pr6ce.ss 
and to be vathout significance for the muscle contraction itself. 
Thi.s interpretation, however, cannot be maintained. If the effect 
of acetylcholine con.sistcd in n liberation of potassium ions, it 
becomes ine.xplicabie that only the first dose of acetylcholine is 
effective, while potassium .still acts after repeated doses, nnd 
acetylcholine docs not block the potassium effect. 

Jdi'.ucK'REV, Hf.rkek and Brock: (1939) who worked witJj liver 
sections and .sect ion.s of the salivar}' gland n.ssumcd that a liber- 
ation of potas.sitim ions which only occurs during excitation 
.«houId be rcgiinlcd ns a product of stimulation and not as its 
can.«e. ^Moreover, the liberation of potassium ions should not be 
a specific acetylcholine effect, since the application of adrenalin 
nnd twmerom other substanec-s acts in tlic same way. It is 
a priori improbable that a strong indirect stimulus such as 
potn.'isium should appear as a kind of by-product during the 
stimulation procc.s.s\ An previously mentioned, it is highly improb- 
able that tlic effect of acetylcholine consists in a liberation of 
potn.s.sium ion.s. Finally, experiments with local application of 
adrenalin indicate tliat thi.s .substance does not affect the motor 
end plates. Therefore, it is not reasonable to assume that 
adrenalin liberates pota.s.sium ions. 

According to Cicardo and Moglia (1910), a liberation of po- 
tn.s.sium ion.s proportional to the acetylcholine concentration occurs 
after intravenous injection of acetylcholine in a potas.sium-free 
Kinger solution. These nutliors emphasize that the significance 
of acetylcholine for the contraction proccs.s is based upon a sub- 
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stonce “compose organo-potassique”, liberating potassium vrliich 
is regarded as the true cause of muscle contraction. There is hardiv 
any reason to discuss this theory more thoroughly. It has repeat- 
edly been pointed out why potassium cannot be considered as the 
proper “contraction substance^’; as a further argument may serve 
the observation that a longer lasting action of potassium injures 
the muscle fibre. Hence, the above theory claims the existence 
of a substance which continuously absorbs potassium ions in 
the course of their formation. 


In order to investigate whether the potassium effect observed 
is specific or whether related substances produce the same or 
similar effects, the influence of rubidium, has been studied in a 
series of experiments. It was found that equimolar concentrations 
of rubidium in every respect behave like potassium. On the other 


hand, both sodium and calcium in corresponding or conside:^bly 
higher concentrations have been without noticeable effect upon 


the motor end plate. 

Though veratrine does not act as a stimulus to the end plate, 


its influence on transmission and contraction is of great interest. 
To veratrine certain sensitizing properties have been attributed, 
because a veratrine-poisoned muscle reacts to a single impulse 
with a strong, protracted contraction. This phenomenon has been 
observed in a number of experiments on the isolated fibre. A 
veratrine-poisoned preparation responds to the nerve impulse 
and to stimulation of the motor end plate with electric stimuli, 
acetylcholine and potassium with protracted contractions. Our 
experiments do not reveal the cause of this peculiar effect. A 
“sensitization” in the usual sense is improbable, as this would 


lead to reduced thresholds for the respective stimuli. In the vera- 
trine-poisoned preparation, the acetylcholine threshold as well as 
that of potassium were the same as in a fresh preparation. Also 


in cases where veratrine was given together with curarine, potass- 
ium applied to the end plate produced protracted contractions 
as long as the second boundary face of the end plate was- not 
blocked. If veratrine was supplied together with quinine, however, 
the contractions were not protracted. In our experiments, appli- 
cation of quinine to the motor end plate had no appreciable effect. 
Also novocaine suppressed or abolished the action of veratrine. 
In this respect, veratrine poisoning reminds of mrjotonia. The 
myotonic symptoms disappear in the course of a few minutes 
after injection of novocaine or quinine. These observations indicate 
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that the myotonic reaction is initiatod from the motor end plate 
(Buchthal and Clemsiesen, 1942). It is worth mentioning that 
the veratrine-poisoned preparations — in contrast to all other 
cases investigated — responded to repeated doses of acetylcholine. 
Tliis might indicate that the veratrine effect is analogous to that 
generally ascribed to the cholinesterase, \tz. a rapid disorganisa- 
tion of the liberated or applied acetylcholine. 

Harvey (1939) observed a reducing effect of quinine upon the 
excitability of the motor end plate, quinine suppressing the effect 
of veratrine and eserin. furthermore, Harvey stated that quinine 
counteracts the effect of acetylcholine, while the action of po- 
tassium is only slightly influenced. Harvey worked on mammalian 
muscle, and this may explain why his results deviate from ours. 
As previously mentioned, however, a marked effect of acetyl- 
choline in threshold doses was obtained after treatment of the 
preparation with quinine. 

Szent-Gyorgyi, Bacq and Goffart (1939) perfused a frog 
muscle with veratrine Ringer solution and then led the perfusion 
fluid through another muscle. If muscle I was stimulated with a 
tetanizing stimulus, muscle II contracted. The authors pointed 
out that this contraction cannot be ascribed to acetylcholine, 
since muscle II would also contract if muscle I was curarized. 
However, from the fact that curarine blocks the end plate 'with 
respect to acetylcholine, it cannot be concluded that curarine 
inhibits the liberation of this substance. It is furthermore improb- 
able that the contraction of muscle II is due to potassium ions, 
because veratrine does not sensitize the muscle with respect to 
potassium, but only leads to protracted contractions. 

A scheme of the experimental results already discussed is given 
in Table I. 

Formerly, an attempt has been made to follow the stimulation 
process from nerve to muscle fibre by a registration of the varia- 
tions in potential difference between the end plate and the fibre 
substance ("action potential”). Immediately after electric stimula- 
tion of the end plate, a sudden decrease in the potential difference 
■was found w'hich returned rapidly to the initial value. The total 
variation occurred within 2 — 3 msec. When the motor end plate w'as 
poisoned with curarine, the action potential decreased — frequent- 
ly after a slight initial increase — to zero in the course of 10 -30 
minutes, and the end plate must then be regarded as an inactive 
continuation of the micro-electrode. The muscle fibre was then 

10 — 'i22J95. Acta phvs. Scandinav. Vol.-i. 
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Table J. 


After treatment of ttie end 

Stimula- 
tion of 
nerve 

.. 

stimulation of end plate with 

plate -a-itb 

electr. 

stim. 

acetylclioline 

potassium 

0 

*r 

+ 

+ — 1 

+ + (+)’ 

Acetylcholine 

— 

+ 

— — 

+ + (+) 

Potassium 

+ (+) 

+ (+) 

4* — 

+ {+) 

Cnrarinc, short duration . . . 

— 



+ + (+) 

Curarine, longer duration . . 

— 

— 

— — — 

— — — 

Novocaine, short duration . . 

— 

( + ) 

_ _ _ 

+ 

Novocaine, longer duration . . 

— 

— 

— — ~ 

— — — 

Yeratrinc 

+ pr.® 

+ pr. 

+ i+)(+) 
pr. pr. pr. 

+ + + 
pr. pr. pr. 

Quinine 

4* 

+ 

. + 

+ 

Novocaine + veratrine .... 


— ■ 


— 

Quinine + veratrine 

+ 

4- 

+ (+)(+) 
not 
pr. 

4- + (+) 
nbt 
pr. 


refractory to indirect stimulations. However, these alterations 
were reversible; as soon as curarine was removed, the potential 
difference increased to its initial value, and the excitability to 
indirect stimuli was regained. The same effect was obtained by 
irradiation with radium emanation, however, the latter effect 
going still further, since also the contraction potential was abol- 
ished and the fibre became irresponsive to direct stimulation. 
In numerous cases, these alterations were also found to be revers- 
ible even after long-lasting irradiation. 

inien the motor end plate w'as stimulated with acetylcholine, 
a decrease in the potential difference between end plate and 
muscle fibre was found, which generally reached its maximum 
in the course of 10 sec. In all cases, the potential increased again 
rather rapidly, tliis increase was, however, slower than the initial 
decrease. The potential did not always reach its initial value 
during the time of observation (G — 8 min.). 

The potential- variations showed a complete!}' corresponding 
course after application of potassium or nibidiura. They alwnys 


’ Effect of 3 stscccssive doses. 

- (-r) indicates a foraevrhat weaker reaction. 
* pr. = protracted contraction. 
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appeared w^hen the respective substance was applied to the end 
plate, but the decrease in potential did not always occur at the 
same rate, and the size of the deflections varied. 

That the potential oscillations after chemical stimulation are 
considerably slower than after electric stimuli may be explained 
by the assumption that the chemical stimuli partly are less effec- 
tive, partly undoubtedly have a tetanizing action. From this, it 
may be concluded that the observed decrease in potential is com- 
posed of a number of small successive potential alterations. But 
even if each stimulus gives rise to a decrease in the potential 
difference, this effect must not necessarily be followed by a con- 
traction; the variations can either be too small or they can occur 
too slowly. Therefore curarine, for instance, does not act as a 
stimulus, although this substance completely abolishes the po- 
tential difference. 

As long as the decrease in potential is not compensated, the 
muscle fibre must be refractory to indirect stimulation. Perhaps, 
this persisting reduction in potential is the reason why only the 
first dose of acetylcholine is effective or, rather, why doses follow- 
ing immediately after the first one are ineffective. Corresponding 
considerations might possibly be applied to the previously dis- 
cussed decreasing effect of repeated doses of potassium. 

Summary. 

Direct application of different substances to the motor end 
plate of lizard muscle led to the following results: 

Acelylclioline (threshold 5 X 10~® ^g) initiates a short twitch- 
like contraction. After the first application, the end plate is 
refractory to further doses and to electric stimulation of the nerve. 

Direct electric stimulation of the end plate and application of 
potassium (threshold 10~^ ^wg) or rubidium are still effective. 
Potassium or rubidium do not show any blocking action, as does 
acetylcholine. 

Acetylcholine and potassium applied to the fibre substance have 
no effect even in a tenfold concentration. 

Acetylcholine, potassium, and other stimulating substances 
cause a decrease in the end plate — fibre potential. 

The threshold of the motor end plate is not altered by poisoning 
with veratrine. Just as total muscle, the veratrinized fibre reacts 
to stimulation with protracted contractions. 
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In the first stage, curarine blocks the end plate for nerve im- 
pnlses and for acetylcholine, while direct electric stimulation of 
the end plate and application of potassium are still effective. In 
a later stage, the excitability in response to these stimuli is abol- 
ished, only the direct excitability of the fibre substance is retained. 

The present material supports the assumption of two boundary 
aces in the motor end plate. 

The present work has been supported by grants from the 
Carlsberg Foundation and the Michaelsen Foundation. 
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The measni’cment of the Peripheral Blood Flow 
by Means of Plethysmograpliy and Skin- 
Temperature Determinations. 

By 

E. HOHWtr CHRISTENSEN and MARIUS NIELSEN. 

(Rccieved 27 April 1942.) 


In preparation for a study of the circulation in the skin during 
varied external temperature and transition from rest to work, 
certain methods, considered suitable for giving information about 
the blood flow and blood content of the skin have been investigated 
and compared. 

In 1938 and 1939 Burton suggested a method for the measure- 
ment of the blood flow in the skin and a similar method was 
published 1938 by Wilkins, Doupe and Newman. The principle 
of this method is to cut off the “venous return” in the finger and 
plethysmographically register the simultaneous arterial inflow. 
Burton states moreover in the same paper, that in the amplitude 
of the pulse volume one has a relative measurement of the blood 
flow, as in his own investigations he observed a close correlation 
between these two functions. We have now submitted Burton’s 
methods of measuring the skin’s blood flow, to a closer investiga- 
tion of their adaptability for the solution of our problems. 

That the finger is regarded as especially suitable for the mea- 
surement of the skin’s blood flow is due as emphasized by Burton 
particularly to the fact that the vascular tissue can be looked 
upon as being almost exclusively skin tissue. 

For the same reason, temperature measurements on the fingers 
are especially suitable for information concerning changes in the 
skin’s blood flow. A variation in the flow will very rapidly appear 
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as a corresponding temperature change partly due to the finger s 
insignificant heat capacity, and partly because of the very slight 
heat production. In our experiments, the temperature measure- 
ments vere executed by means of the thermoelement described 
by one of us (Nielsen 1939) which is especially suited for this 
purpose. 


Description of the Applied Method. 

For the determination of the blood flow using Burton’s technique 
the finger is placed in a well fitting plethysraograph of aluminium. The 
plethysmograph is made air-tight around' the finger by means of gauze 
strips impregnated with zinc oxide in vaseline, and through a thick- 
walled rubber tube its air volume is connected to an exceedingly sen- 
sitive tambour. The membrane of the latter is equipped on one side 
with a small mirror whose deflection is photographically registered. 
The deflection of the mirror is calibrated by means of a 0. i cc s}Tingc 
pipette. The maximum deflection that can be registered corresponded 
in our experiments to 3 x 0. i cc and is in its entire length proportional 
to the volume change. The calibration was constant for the same 
membrane from day to day, and 0. i cc corresponded very closely to a 
deflection of 1 cm on the photographic paper. 

The ’’venous return” from the finger was cut off by means of a 
small pneumatic cuff about 1 cm wide placed proximately on the finger. 
Compression was instantaneous, when the cuff was connected to a 5 L. 
container pumped up to the required pressure. 


The Importance of the Filling np Conditions for the 
Blood Flow Measurement. 

In order that the volume increase recorded shall be a direct mea- 
surement of the normal inflow into the finger, the flow must take 
place against a imiform resistance — the volume increase must 
not be accompanied by any rise of pressure. As long as this con- 
dition is 'fulfilled, the volume curve vdll be a straight line (.sec 
figure 1 a), and the magnitude of tlie blood flow can be exactly 
determined. The greater the blood flow into the finger the more 
rapidly a counter-pressure against the flow will arise, — which 
brings about a deviation of the curve recorded (see figure 1 b). 
With a sufficiently rapid blood flow the refill curve will deviate 
already from the moment of compression (see figure 1 c). In this 
case, according to Burton, a measurement of the flow is obtained 
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by drawing a tangent to tbe curve tbrougb tbe starting point. It 
will however always be difficult to place this tangent accuratelv 
as tbe refill curve is not very well defined, especially if tbe inflow 
conditions change essentially already during tbe first stroke of tbe 
pulse. Furthermore, tbe drawing of tbe 
tangent is often rendered ^fficult, 
because at tbe time of compression a 
certain amount of blood and tissue is 
pressed into tbe pletbysmograpb as a 
result of the pressure increase in the 
cuff, where by a displacement of tbe 
curve can occur. 

Tbe better tbe refilling conditions, tbe 
better tbe possibility of obtaining linear 
curves, even during a relatively large 
inflow which, as is evident from tbe 
above mentioned, insures the accuracy 
of tbe determination. 

In order that tbe conditions for re- 
filling can be satisfactory it is of course 
assumed that the pletbysmograpb is 
fitted air-tight round tbe finger without 
obstructing tbe "venous return” as ven- 
ous stasis will rapidly complicate the 
inflow. 

As the refilling occurs mainly in tbe 
veins it will be especially tbe state of * i - . . 

filling and tonus of these that is of de- Fig. 1. Examples of blood 
cisive importance. It could therefore be curves with 

supposed that an elevation of the band ^dium 
above heart level and tbe consequent c) very large » » 

evacuation of tbe veins, might greatly 

improve tbe refill conditions, and thus produce increased ac- 
curacy of measurement. One difficulty encountered with this 
procedure is that tbe blood flow can possibly be influenced by tbe 
change in hydrostatic pressure in tbe finger’s arteries. One cannot 
know beforehand whether an adequate blood flow is in such cir- 
cumstances brought about by compensatory dilatation of the 
afferent vessels. When comparing blood flow determinations during 
rest and work where the arterial blood pressure can become very 
high such a hydrostatic influence might fatally influence the result. 
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Table 1. 


Cuff pressure 
mm Hg 

At heart level 

At 40 

cm. above heart 1 
level • 

Refilling 

volume 

cc 

Plovr 

cc/min. 

■ 

Pulse 

volume 

cc 

Refilling 

volume 

cc 

Flow 

cc/min. 

Pulse I 
volume 1 
cc 

30 

0.05 

2.3 

0.016 

O.lO 

2.7 

0,026 

40 

0.075 

3.1 

0.016 

0.13 

2.0 

0.027 

50 

0,09 

3.8 

O.OlG 

0.16 

2.6 

0.0J6 

60 

O.IO 

3.7 

0.016 

0.17 

3.4 

0.023 

70 

0.105 

3.1 

0.013 

0.18 

2.7 

0.027 


In order to investigate the dependence of the “filling up” condi- 
tions on the position of the hand in relation to heart level, experi- 
ments have been made both with the hand at heart level and with 
the hand raised 40 cm. In the first case, the hand rested on the 

table at heart level, in 
the second the elbow 
rested on the same 
table and the hand was 
raised 40 cm, by flexion 
of the elbow joint, and 
kept lightly supported. 
The cuff pressure appli- 
ed to cut off the ven- 
ous flow, varied, a.s 
shown in Table 1, 
between 30 and 70 mm 
Hg. Figures 2 a and 



■ 2 b show the photo- 


Pig. 2. Blood refilling curves grapluc record of “fill- 

a) the hand at heart level jn expcri- 

b) » » raised 40 cm o ^ 

ment with the hand at 
heart level and with the hand raised 40 cm. As seen from Fig. 
2 a and 2 b and Table 1, where the results are average values 
from four measurements at each pressure, the “filling up is 
considerably larger in the experiments with the hand raised, and 
consequently the blood flow can be measured with greater 
accuracy. The blood flow measured in the two positions shows 
that the reduced hydrostatic arterial pressure in the 40 cm 
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Fig. 3. Subject E. H. C. Fig. 4. Subject E. H. C. 

Experiments Tritb tbo hand raised 40 Experiment with the left hand at 
cm above heart level and with the hand heart level (0 cm) and raised 26 cm 40 
at heart level. cm 65 cm above heart level. 

Blood flow X and finger temper- X the. blood flow — left hand 
atnre •• O finger temperature — left hand 

At the perpendicular lino the hand is • finger temperature — right hand 

lowered from the 40 cm position to (control at heart level) 
heart level. 

position, has not been completely compensated by vasodilatation. 
In Fig. 3 also, single measurements of the blood flow are gra- 
phically represented, indicating a reduced flow in the 40 cm 
position. This is also evident from the temperature curve in 
Fig. 3, which shows a slightly lower finger temperature in this 
position. The temperature is measured with the already mention- 
ed thermoelement placed on the neighbouring finger. As the con- 
ditions for refilling are essentially improved while the hydrostatic 
reduction of the blood flow is insignificant, we recommend as the 
normal measuring fosition, one in which the hand is raised 20 to 
30 on above heart level. 

Fig. 4 shows results of an experiment where the position of the 
hand is varied between heart level and an elevation of 25, 40 and 
65 cm respectively. Blood flow measurements show a reduced flow 
in the raised positions of the hand, especially at 65 cm. In the 
highest position the plethysmographic blood flow measurements 
are somewhat unreliable, as the arterial blood pressure in the 
finger is so slight that one can only with difficulty obtain a Com- 
plete cessation of the “venous return^' without simultaneously 
reducing the arterial inflow. The subject of the e^eriment in 
question had a blood pressure of 100/60 measured at heart level. 
^Tien the finger is raised 65 cm the arterial pressure in the finger 
is therefore reduced to about 50/10, so that the required cuff 
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pressure may easily exceed the arterial pressure in the finqer. In 
these experiments the skin temperature was also measured on the 
neighbouring finger. The temperature of the finger shows a gradual 
reduction in the 25, 40 and 65 cm positions. In the 25 cm position 
the fall in temperature is, however, very slight, which indicates 
an almost complete compensation for the altered hydrostatic pres- 
sure. On the other hand, in the 65 cm position, the temperature 
decrease is very considerable indicating that corresponding com- 
pensatory dilatation of the vessels has not occurred. In lowering 
the hand to heart level the temperature curve shows a steep in- 
crease although not attaining the original level which is in ac- 
cordance with the result of the blood flow measurement. This 
lower level coincides with a more extensive reduction of the skin 
temperature which is seen in the control curve obtained by tem- 
perature measurements carried out on the corresponding finger of 
the other hand. This hand was kept at heart level during the entire 
experiment. 

In such cases where the blood flow measurements are for various 
reasons rendered difficult, the temperature measurements on the 
next finger is a valuable help in the evaluation of results of the 
flow measurements. However, the temperature can never reflect 
the rapid variations which can be determined by means of blood 
flow measurements, even if the finger’s thermal lag is, as pre- 
viously mentioned, comparatively slight. 

In addition to the above mentioned experiments with the hand 
above heart level, a few experiments were made ivith the hand 
below heart level. In these experiments, practically no filling up 
of blood occurred as a result of compression of the veins, thus 
rendering blood flow measurements impossible. The simultaneous 
measurement of the finger temperature showed an insignificant 
rise corresponding to a slight increase of blood flow in this position. 


Investigation of tlie Cuff Pressure Employed in the 
iHeasiirement of the Blood Flow. 

The condition enabling the refill curve to be an exprc.ssion of 
the blood flow is that the cuff pressure is high enough to com- 
pletely arrest the "venous return” for the time being. At the same 
time, the pressure must not be so high that it affects the arterial 
inflow, "viz. it must be smaller than the diastolic pressure in the 
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finger artery. As is seen in Table 1 a complete venous barrier is 
established in these experiments at a pressure of about 40 mm 
Hg, while a pressure of 30 mm Hg in the pneumatic cuff has 
evidently been insufficient in the experiments with the hand at 
heart level. Pressures of 70 mm Hg appear to have practically 
permitted complete arterial inflow, also in the experiments carried 
out in the 40 cm position. In numerous experiments made at heart 
level, we have observed apparently unchanged inflow with a com- 
pression of 80 to 90 mm Hg. The subjects we have investigated 
have generally had a blood pressure of 100/50 or 60. The cuff 
pressures of 80 to 90 mm Hg are therefore considerably above 
the subject’s arterial diastolic pressure as measured in the usual 
manner by auscultation on the arm and it appears paradoxical 
that the arterial inflow could remain undisturbed. We have there- 
fore undertaken a closer investigation of the effect of the pressure' 
in the finger cuff as compared with the pressure in the arm cuff 
applied to determine 
the arterial pressure. 

For this purpose, the 
arterial pressure is vari- 
ed by letting the sub- 
ject perform work of 
different intensities. The 
measurement of the ar- 
terial pressure was made 
in the usual way by 
auscultation on the arm 
at heart level. The ar- 
terial systolic pressure 
in the finger was defin- 
ed at the pressure ne- 
cessary just to prevent 
arterial inflow in the 
finger as recorded by 
the plethysomgraph.The 
two pneumatic cuffs 
were both placed at 
heart level. The results 
of such a series of experiments carried out on the subject most 
frequently used E. H. C., are reproduced in Fig. 5. Determinations 
were made on the subject at rest and during work, varied between 



Fig. 5. Subject E. H. C. 

A blood flow 
X finger cuff pressure 
• systolic pressure 
O pulse pressure 
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Fig. 6. Subject E. H. C. 
Work experiment of 900 mkg/min. 
A blood flow 
X finger cuff pressure 
• systolic pressure 
O diastolic pressure. 

The work period is marked » ■ ■■■■ 


Fig. 7. Subject E. H. C. 
Work c.yperiment of 1 OSO mkg/min. 
A blood flow 
X finger cuff pressure 
• systolic pressure 
O diastolic pressure 
The work period is marked 


180 and 1080 mkg/min. The systolic blood pressure hereby varied 
from about 95 mm Hg at rest to about 160 mm during the heaviest 
work. The simultaneously measured pressure in the finger cuff 
varied between about 135 at rest to about 200 during the heaviest 
work, and as is evident from the figure the curves in their entire 
extension were practically equidistant. The finger cuff pressure 
was therefore in these experiments systematically about 40 mrag 
Hg above the systolic pressure measured on the arm. The dia- 
stolic pressure measured in the brachial artery was both at rest 
and during work about 50 mm Hg. Fig. 6 shows individual deter- 
minations from a work experiment of 900 mkg/min. on the same 
subject. At rest as well as during exertion and the subsequent 
restitution period, the curves for the systolic arm and finger pres- 
sure progressed practically in parallel with a distance between 
them corresponding to a pressure difference of 40 mm Hg. The 
diastolic pressure in the brachial artery remained roughly at 50 
mm Hg. Fig. 7 shows a corresponding experiment ^vith work of 
1 080 mkg/min. Tins work is at the upper limit of what the subject 
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Fig. S. Subject IL N. 

Work experiment o£ 900 mkg/min. 
A blood flow 
X finger cuff pressure 
• .sj-stolio pressure 
O dinstoHo pressure 
The work period is marked ■ 


Fig. 9. ■ Subject B. H. 

Work experiment of 300, 720, 
1 OSO mkg/min. 

A blood flow 
X finger cuff pressure 
• systolic pressure 


can perform and we observe here a continued increase of the sys- 
tolic pressures during the work. 

The sj^tolic compression pressure measured by the means of the 
finger cuff is therefore, in the subject E. H. C. generally approx. 
40 mm Hg above the systolic compression pressure measured by 
means of the arm cuff. It is therefore assumed that the pressure 
required to exceed the diastolic pressure must also be about 40 
mm Hg higher in the finger cuff than in the arm cuff. A com- 
pression pressure of 80 to 90 mm Hg in the finger cuff therefore 
corresponds in this subject' to a pressure of only 40 — 50 mm Hg 
in the arm cuff, and hence the explanation why these high pres- 
sures can be exerted without preventing complete arterial inflow. 

In contradistinction to the subject E. H. C. who usually exhib- 
ited a constant difference between compression pressures in the 
finger cuff and in the arm cuff, we found that several of the other 
subjects showed in the course of a work period a decreasing finger 
cuff pressure accompanying the increase, in the finger's blood 
circulation so that the pressures in the two cuffs approached and 
frequently became practically identical. In Fig. 8 and Fig. 9 one 
sees for example, how the two pressures at the moment when the 
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flow is highest, viz. at the termination of the period of e.vertion 
and the commencement of restitution, coincide, while there was 
otherwise a difference of about 20 to 40 mm Hg between the two 
pressures. 

We have seen that the compression pressure in the finger cuff 
in the subject E. H. 0. was constantly about 40 mm Hg above 
the pressure in the arm cuff in spite of the fact that the flow pres- 
sure must necessarily be lowest in the finger. As factors that can 
conceivably influence the systolic compression pressure as mea- 
sured the following can be enumerated viz. the anatomical position 
of the arteries, the mass of tissue between the pressure cuff and 
the artery and even the compressibility of the arterial walls and 
probably also purely technical conditions such as the width and 
resistance of the pressure cuff. In addition, it has been maintained 
by various authors that compression should be dependent to a 
not insigruficant extent on the volume flow of blood so that an 
increase of the flow should be accompanied by rise in the com- 
pression pressure. As regards the latter point the experiments on 
E. H. C. (see Figs. 5, 6 and 7) show that even large variations in 
the blood flow are without any significance for the measured 
compression pressure. In the case of the subject B. H. C. one 
cannot decide a priori which of the remaining factors may cause 
the considerable pressure difference between the two compression 
pressures. With regard to the other subjects, however, the fall 
that occurs in the finger compression pressure when it approaches 
that of the arm and the blood flow is maximal (compare for 
example Fig. 8 and Fig. 9) may be explained by variations in the 
compressibility of the main arteries of the finger as all the other 
factors enumerated must be regarded as unchanged during the 
entire" experiment. As the finger cuff pressure with a very large 
blood flow can become equal to or even lower than the arm cuff 
pressure, one must assume that the whole difference observed 
between the two pressures when the flow is slight, must in these 
subjects be due to a high resistance against compression in the 
finger arteries. It is a reasonable assumption that such small 
arteries as those in the finger must, in a state of partial contraction, 
offer a relatively high resistance towards compression. It must 
be supposed that the considerable difference between the two 
pressures in the case of subject E. H. C. must also be attributed at 
least mainly to a low compressibility of the wall of the finger 
arteries. \\^en the compression pressure of the finger arteries in 
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subject E. H. 0. is not appreciably affected by variations in the 
blood flow, it may possibly be explained by assuming that in this 
subject during a large blood flow a less pronounced dilatation of 
the main finger arteries occurs than in the other subjects, while 
the increased flow is in this subject brought about practically ex- 
clusively by dilatation of the arterioles. 

As is e^’ident from the above there are certain difficulties in the 
way of deciding in advance the cuff pressure that should be applied 
for measuring the blood flow, as the highest limit for that pressure 
allowing complete arterial inflow varies considerably in different 
subjects, and even in the same subject it can vary within wide 
limits possibly as a result of different compressibility of the finger 
artery. It is therefore admsable to make a systematic investigation 
of each subject in order to establish which cuff pressure vdll give 
a constant blood flow under the particular conditions. This can 
be done by varying systematically the pressure in the cuff and 
making 4 — 5 measurements at each pressure, as shown in Table 1. 
For the daily routine a pressure should then be selected from the 
lower portion of the pressure range found, so that an altered 
compressibility of the artery does not affect the results of measure- 
ments. 


The Pulse Tolume ns an Expression of the Rate of 
Blood Plow at Rest and During Work. 

In the before mentioned work of Burton 1939, it is stated that 
for a detailed analj^sis of the rapid changes in blood flow one can 
with advantage utilize the uncompressed pulse volume as an ex- 
pression of the blood flow, as in the investigated cases a close 
correlation was found between these two factors. We have now 
investigated in a series of experiments, whether, from a deter- 
mination of the pulse volume one can obtain an expression for 
those changes taking place in the blood flow as a result of muscular, 
activity. Fig. 10 gives the results of such an experiment: As seen 
from the figure there can, under reasonably uniform conditions, 
for example during the two periods of work, exist satisfactory 
conformity between the variations in the magnitude of the pulse 
volume and the blood flow. On the other hand, if we compare the 
respective values in the period of recovery after the heavy work 
(1 440 mkg/min. and 720 mkg/min.) one observes a steady fall in 
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Fig. 10. Subject E. H. C. 

A blood flow 
# pulse volume 


the pulse volume irliilst the blood floir curve indicates a consider- 
able increase. The cause for the diminution in the pulse volume 
in spite of the increase in the blood flow, is presumably the heavy 
fall in the pulse pressure during this period. Also during the period 
of recovery from the work of 1 080 mkg/min. the pulse volume is 
relatively small in proportion to the very large blood flow com- 
pared for example with the values during work of 540 mkg/min., 
where with the same pulse volume one has a smaller blood flow. 
On the basis of these experiments we do not consider it possible 
to utilize the pulse volume as an expression of the blood flow, in 
connection with muscular activity where large blood pressure 
changes can appear. As may be expected, the method is also 
unsuitable in such cases where considerable hydrostatic changes 
in the blood pressure occur, as seen in Table 1 page 152. 


Summary. 

In the present paper we have submitted to closer investigation, 
the methods given by Burtox for the measurement of the skin's 
blood flow by moans of finger plethysmography and the results 
are compared with skin-temperature determinations. 

Our experiments show that the cuff pressure necessary to arrest 
the venous return, varies greatly from one subject to another and 
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also in tlie same subject under different conditions. Th.e reasons 
for tbis have been submitted to closer analysis and as tbe essential 
reason for tbis variation is put forward a varied compressibility of 
tbe finger arteries corresponding to a varied degree of contraction. 

It could be shown that tbe refill curves recorded pbotograpbi- 
cally allow a far more accurate determination of the rate of flow 
if during measurements tbe hand is placed 20 — 30 cm above heart 
level; whereby the blood volume, that can flow into the veins in 
the course of the registration period mthout pressure increase, 
rises very considerably. 

If the hand is raised above heart level a reduction of the blood 
flow occurs as the reduced hydrostatic blood pressure in the finger 
artery is not entirely compensated by means of vasodilatation. 
With a rise of 20 — 30 cm, which is here recommended as the normal 
measuring position, this reduction is only slight however. 

IVhere considerable changes occur in the blood pressure as in 
the transition from rest to work or vice versa we find it impossible 
to utilize the finger’s pulse volume as an expression of its blood 
flow. 
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It is a general assumption that collateral vasoconstriction and 
emptjnng of blood depots occur at the beginning of muscular work 
in order to provide the possibility of an increased cardiac output 
together vvith the maintenance of a constant arterial blood pres- 
sure (compare Keogh, 1912). The purpose of this v'ork is to deter- 
mine if the skin participates in these functions. 

3Iost of the experiments were made on the subject's fingers, 
where the vascularised tissue is almost exclusively skin tissue and 
where the quantitative variations must be expected to be c.spe- 
cially pronounced due to the arterio-venous anastomoses. The 
direct blood flow measurements were made by means of Bueton’s 
plethysmographic method, by wliich the arterial inflow is measured, 
while the venous return is cut off for a few seconds. For a more 
detailed description we refer to an earlier paper (Hoiiwi; Chris- 
texSex and Maries Nielsex, 1942). Furthermore the changes 
in tlie skin circulation in the fingers and other .skin areas were 
studied by means of skin temperature measurements. For these 
measurements the skin thermocouple described by Kielsex (1940) 
was used. All the work experiments were carried out on Keogh's 
bicycle ergoraeter. 

Fig. 1 shows the result of blood flow measurements on the .sub- 
ject B. H. during work of intensities between .3G0 and 1 2C0 mkg/ 
min. In all cases an instantaneous reduction of the blood flow 
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Fig. 1. Blood flow in index finger. 

Subject B. H. a 360 mkg/min. 18.0 — 18.3° C. 

b 720 » 21.8—23.0° C. 

c 1 080 » 19.0—19.7° C. 

d 1 260 » 18.0° C. 

The work begins at zero minute, and the stop is marked by a short vertical line. 

occurs at the beginning of exertion; later in the working period 
the blood flow increases again and in many cases exceeds the pre- 
ceeding resting value. During the heaviest work of 1 260 mkg/min. 
which approaches the subject’s working capacity, the largest and 
most prolonged reduction in the blood flow is observed. 

Fig. 2 shows corresponding measurements on the subject M. N. 
during work of 720 mkg/min. Here also a transitory reduction of 
the blood flow is found during the initial working minutes. 

Fig. 3 arises from an experiment with subject E. H. G. The in- 
tensity of work was here 1 080 mkg/min. The two short periods of 
exertion are separated by an interval of 10 minutes. In both work 
periods the flow measurements show a considerable reduction of 
the blood flow at the beginning of exertion. In this experiment the 
skin temperature was measured by means of a skin thermocouple 
pasted on the dorsal side of the neighbouring finger. In accordance 
with the blood flow measurement the simultaneously registered 
skin temperature shows a decrease at the beginning of work. The 
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more gradual reduction of the finger temperature must be attri- 
buted to the thermal lag. 

The Jutherto mentioned blood flow measurements were made 
on the fingers, where the quantitative variations must be expected 
to be especially pronounced because of arterio-venous anastomoses. 
In order to investigate if also other skin localities are involved in 
the vasoconstriction at tlie beginning of work, a series of experi- 
ments was made, in which skin temperatures were measured on 
the hands, feet and trunk. 



*0 20 iO VO so (0 rrut 


Fig. 4, Subject E. H. C. 1 OSO mkg/inin. 

Skin temperatures 
X Finger 
• Foot arch 
O Toe 

Actual -work ■■■ 

No-lonil experiment 

Fig. 4r shows results from simultaneous skin temperature mea- 
surements on the finger, arch of the foot and toe, at rest, during 
work of 1 080 mkg/min. and also in a no-load experiment, that is 
an experiment in wliich the subject rides with normal speed but 
without current on the braking magnets. During the two work 
periods of 1 080 mkg/min. all three temperature curves show a 
considerable decrease which is immediately replaced by an in- 
crease at the cessation of work. On the other hand during tlie no- 
load experiment the finger temperature remains practically un- 
changed whilst it falls perceptibly on the foot arch and toe. The 
fall is considerably less than during the two work periods and must 
be attributed to the increased heat loss by convection caused by 
the bicycle movements. It is evident from this and corresponding 
experiments that the feet are also included in the vasoconstriction 
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at the beginning of work Similar experiments have sho\ni that 
also the hands are involved. 

The large thermal lag of the trunk makes it very difficult to de- 
monstrate vasoconstriction of short duration as one might possiblv 
expect at transition from rest to work. It is namely known from 
the experiments with blood flow measurements on the finccrs, 
that the initial vasoconstriction is replaced after a few mimitca hv 
a vasodilatation serving the physical heat regulation. Furthermore 
the secretion of sweat begins after some minutes and hereby brincrs 
about a fall in the skin temperature which is independent of 
changes in the blood flow. In the present experiments with hcnvv 



Fig. 5. Subject E. H. C. 1 2C0 jnkg/min. 22° C. 

Actual work mu 
No-load c.xpcriment 1^^^ 


work it is demonstrated that a slight decrease of the skin tem- 
perature of the chest and abdomen occurs at the beginning of the 
work several minutes before the onset of sweat secretion. 

Our experiments show therefore that a general reduction of the 
skin’s blood flow is usually to be observed at the transition from 
rest to work. The question is now whether this decrease should be 
interpreted as a regulatory reaction as suggested in the introduc- 
tion or if it can be psychically conditioned and associated with the 
vasomotor changes that for example appear after unexpected and 
sudden sound and light stimuli. 

In order to investigate this problem we made various control 
experiments. For this purpose a switch Avas arranged to the mag- 
netising current in Krogh’s cj^le ergometer by means of which 
the e.xperimentor could make and brake the current without the 
knowledge of the subject. 

Fig. 5 shows a series of brief spells of Avork some AA'ith and some 
AA-ithout load. The subject Avas in all cases expecting the same AA’or 
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intensity, 1 260 mkg/min., but in the experiments without load 
the current to the braking magnet was not put on. The fig. shows 
a very marked reduction in the finger’s blood flow during real 
work, but without load the reduction is slight only. 

During UgU work, which the subject can easily perform, and 
even in no-load experiments when the subject is aware that the 
ergometer is unloaded, we have usually found a slight initial re- 
duction in the blood flow. With repeated starts this decrease often 
diminishes or completely disappears. The responsible vasocon- 
striction must be considered as purely psychic and without any 
regulatory importance. It must be regarded as a somewhat acci- 
dental accompanying phenomenon occasioned by the interruption 
of the resting state that occurs with beginning of the work. 



Fig. G. Subject E. H. C. 1 410 nikg/inin. 

Blood flow during fir.'^t second.s of work. 

Actual work ■■■ 

No-load experiment 

At the start of heavy muscular work, however, an instantaneous 
and vigorous reduction in the finger’s bloodflow always occurs and 
lasts several minutes. Furthermore, with the aid of skin tempera- 
ture measurements corresponding variations are demonstrated in 
the hands and feet, and also on large areas of the skin of the trunk 
although to a lesser degree. From these experimental results we 
conclude that the vasoconstriction in the skin at the beginning of 
heavy work is of regulatory significance for the adjustment of the 
circulation at the transition from rest to work. 

Fig. 6 gives results from a more detailed investigation of the 
changes in the blood flow during the first seconds of work. About 
1 second after the beginning of work, pressure is applied to the 
finger cuff so that the first determination during work gives the 
blood flow in the next second. Thereafter a determination is made 
every 10 seconds. As is evident from the figure the blood flow is 
practically unchanged during the no-load experiment, whilst with 
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■s\-or]c of 1 440 rakg/min. there is a marked reduction and the 
minimum value is reached already after 1 or 2 seconds. During the 
subsequent restitution period the blood flow only slowly returned 
to resting values. 

As the reduction in the blood flow is practically instantaneous 
it can hardly be attributed to humoral influences, as for example 
secretion of adrenalin, or be evoked reflexly from the presso- 
sensible zones. One can therefore assume that the vasoconstriction 
is purely nervmus and caused either by cortical impulses or re- 
flex'Iy by impulses from the working muscles. 

In numerous experiments it is shown that with no-load one 
obtains precisely the same slight vascular reaction whether the 
subject is aware that the ergometer is unloaded or if he is prepared 
for a work of very high intensity and believes that he starts with 
this. It is further shown that during riding on the unloaded ergo- 
meter, w’hen the current is suddenly connected to the braking 
magnets without the subject’s knowdedge, one obtains the same 
vascular reaction as when the subject changes from rest to heavy 
work and is prepared for it. It must therefore be concluded, that 
the expectation of work plays no part in evoking the vasocon- 
striction. (Compare Krogh and Lindhard, 1912). 

In a series of experiments w^e have simultaneously with the flow 
measurements made volume registrations on the neighbouring 
finger in order to obtain possibly some information regarding the 
function of the skin as a blood depot. A similar plethysmograph 
was used as for flow measurements but on account of the longer 
duration of these experiments w’ater transmission was employed 
instead of air transmission. The volume changes were read on a 
nearly horizontal tube of 1.6 mm diameter divided in mm. 

Fig. 7 reproduces results from such an experiment with work of 
720 mkg/min. The flow curve .shows the usual sharp fall at the be- 
ginning of work. After about 6 minutes of activity the blood flow 
increases simultaneously with the subject’s heat sensations and tlie 
beginning of sweat secretion. During the entire remainder of the 
period of work the blood flow remains at a considerably higher 
level than in tlie preceding resting period. 

In contradistinction to the flow curve the volume curve indicates 
a very gradual decrease and the lowest values are attained 4 — 5 
mins, after beginning of the work. After work lias progressed for 
6 — 7 minutes viz. simultaneou.sly to the .subject’s sen.sations of 
warmth and the increase of the flow curve, the volume of the finger 
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also rises and attains a value that is considerably higher than the 
preceding resting value. The total finger volume studied was both 
for the flow measurements and the volume measurements about 
12 cc. and the decrease at the beginning of work corresponded to 
about 0.2 cc below and the volume increase at the end of work 
to about 0.3 cc above the resting level. The other volume measure- 
ments we have carried out have given similar results. 



Fig. 7. Subject E. H. C. 720 mkg/niin. 23.5° C. 

• Blood fIol;^• in index finger 
O Volume measurements on third finger 

On the basis of these experimental results we conclude that the 
skin has no significance as an active blood depot at transition from 
rest to work. If tliis was the case one would expect a rapid reduc- 
tion in the volume brought about by venous contractions and cor- 
responding to those changes one assumes to take place in the 
splanchnic area at the begining of work. Furthermore, such an 
interpretation would not be in conformity with the considerable 
increase occurring in the finger volume later in the working period. 

These volume changes are possible secondary and contingent 
upon changes in the blood flow. The reduced blood flow at the 
beginning of the work may result in a gradual evacuation of the 
veins and the large blood flow later in the working period in an 
increased volume. After the cessation of work the finger volume 
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remains at the high level for a considerable time although the 
blood flow is decreasing. This indicates that a part of the volume 
increase during work is due to a filtrate formation that is onlv 
slowly reabsorbed. The increased filtrate formation during work 
may be assumed to be brought about as a result of an increased 
capillary pressure due to arterial dilatation. 

Summary. 

At the beginning of heavy work an instantaneous and consider- 
able reduction of the skin's circulation always occurs which sub- 
sequently remains low for several im’nutes. With light work the 
decrease in the flow is less pronounced and is usually absent after 
repeated starts. From our experimental results we conclude that 
the vasoconstriction in the skin is of regulatory significance for the 
adjustment of the circulation at the transition from rest to heavy 
work. 

As the decrease in the blood flow occurs practically instan- 
taneously at the start of work it is assumed that it is of nervous 
origin — caused either by cortical impulses or by reflex influences 
from the working muscles. It is shown that the expectation of work 
plays no part in evoking the vasoconstriction. 

On the basis of experiments with registration of the finger's 
volume, we believe that the skin has no significance as an active 
blood depot at transition from rest to work. 
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By 

E. HOHU’’0 CHRISTENSEN and MARIUS NIELSEN. 

(Received 27 April 19J2.) 


In the present investigation measurements of the blood flow 
in tlie skin at rest and during work at varied external temperatures 
have been carried out hy means of Burton's plethysmographic 
method in the way described b)' Christensen and Nielsen 
(1942). 

The measurements were made on the fingers of the subjects, and 
it must be assumed that the changes in the blood flow of the finger 
although quantitatively far greater give an indication of the gene- 
ral changes in the blood flow of the skin. In some of the experi- 
ments the relation between the subject's sensations of warmth and 
the changes in the blood flow was studied. 

Fig. 1 and fig. 2 show measurements carried out during work of 
3G0, 720 and 1 080 mkg/min at an external temperature of about 
15° G and 21° C respectively. The work is jierformed on the 
modified Krogh bicycle ergometer, where the subject is placed 
in a comfortable arm-chair and where both hands can be utilized 
for measuring. Both subjects show at 15°, a very slight bloodflow 
when at rest, and even work of 360 mkg/min. is unable to increase 
it. With work of 720 mkg/min. and still more with work of 1 080 
mkg/min. there exists however a considerable increased flow at 
the end of the period of exertion and the beginning of the restitu- 
tion period. With a higher external temperature of 21° the flow 
is on an average far greater both at rest and during work. Here 
also, the intensity of the work determines the increase that occurs. 
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a 1) subject experiences neutral heat 
b 1) neutral heat 

2) sensations of heat in the face 

3) perspiration on the forehead 

4) subject feels cold 

c 1) subject feels warm 

2) perspiration begins 

3) vigorous perspiration 

4) subject feels cold 

In experiments made at 15°, we have recorded the temperature 
sensations observed by the subjects to find out whether there is 
a relation between the blood flow measured in the finger and the 
sensations of cold or warmth. Oiir subjects who were very lightly 
clothed and especially E. H, C. who was only dressed in shorhs 
and a thin shirt, had, in the resting period before the work at this 
c-xtcrnal temperature, definite sensations of cold. With the light 
work of 360 mkg/min., E. H. C. felt cold during the entire working 
period and subsequent restitution. Tliis work which is equivalent 
to an extra calorie production of about 3.5 Oal./i^fin., or 50 Calories 
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Blood flow me.asuromonts in indc.’i: finger during work at varied external tem- 
peratures. 

n 1) subject feels cold during the entire working period. 

b 1) subject feels cold 

2) subject begins to feel warm 

3) per.spirntion begins 

4) subject begins to feel cold 

c 1) subject begins to feel warm 
2) perspiration begins 
31 %-igorous perspiration 
4) subject begins to feel cold 

in tlie course of the 15 working minutes was insufficient to remove 
the subject's sensations of cold and the blood flow remained at 
the same low level during the whole experiment. In the case of the 
other subject the sensations of cold disappeared during the last 
working minutes, but the blood flow remained constantly low 
during the entire experiment. 

As seen from the figures sensations of warmth appear practically 
simultaneously with the first faint increase of the flow at the two 
higher rates of work (720 and 1 080 mkg/min.). In the restitutwn 
period sensations of cold are observed accompanied by a reduction 
in the blood flow even when this is still rapid. 
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It is clearly e\ndent from these results that temperature sen- 
sations have no relation to the absolute values of the blood fiow 
but to the latter's increase or decrease. 

On the basis of these experiments the cause for the temperature 
sensations cannot be ascertained, but work experiments with 
more extensive measurements are considered well suited for the 
solution of this problem as in a short time one can create pro- 
nounced changes in the subject's temperature sensations and simul- 
taneously measure a succession of factors that are conceivably 
of importance. As such factors the following can be enumerated 
vdz. — absolute values of and increase or decrease in rectal tem- 
perature, skin temperature or the blood flow of the skin. Further- 
more, one must assume that the velocity with which the changes 
occur can be of great importance. All these factors can be varied 
at will in short periods of time by means of work e.xperiments. 

Summary. 

A series of determinations of the blood flow of the skin of the 
finger was undertaken at rest and during work at varied external 
temperature. The results show that even comparatively slight 
variations in the external temperature are accompanied by ver)' 
considerable differences in the finger's blood flow. Ifo relation was 
found between the subjective temperature sensations and the 
absolute values of the blood flow, but an incipient increase in the 
flow is attended by sensations of warmth and conversely, an in- 
cipient decrease is accompanied by sensations of cold. A programme 
for a more thorough study of the cause of the sensations of warmth 
has been outlined. 
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BluMrucksteigei’img diircli liypoxische 
Erregniig der Cheiiiorezeptoreii 
beiiii Himd. 

Yon 

H. BJTJRSTEDT nnd U. S. v. EULER. 
(Eingegangen am 28. Ajiril 1942.) 


Bekanntlicli verursaclit Erregung der Chemorezeptoreu des 
Sinusgebietes nicht nur eine starke Anfacliung der Atmung, son- 
deru beeinflusst auch den Kreislauf {Heysians, Bouckaert, 
Euler und Dautrebaede 1932, Winder, Bernthal und Weeks, 
1938). Erbbhung der CO.-spannung, Sauren und synaptotrope 
Stoffe bewirken somit reflektoriscb eine Vasokonstriktion, Herz- 
beschleunigung und Blutdrucksteigerung. 

In einem Versuob iiber die Wirkung pressoriscber und cbemiscber 
Sinusreize axif die Atmung des Hundes baben wir einige Beob- 
achtungen iiber die Wirkung cbemiscber Glomuserregung auf den 
Blutdruck gemacbt. Dabei waren Sinus und Glomus der einen 
Seite durcb eine Ligatur dicbt oberbalb der Bifurkation zirkula- 
torisch getrennt und die Barorezeptoren inaktiviert. Absperrung 
des Externagebietes durcb Einbindung einer Kaniile, zwecks 
Perfusion des Glomus, veranderte die Atmimg kaum, was darauf 
binwies, dass die Blutversorgung des Glomus aus dem peripberen 
Teil des A. occipitalis geniigend war, um starkere bypoxiscbe Er- 
regung zu verbindern. (cf. Winder u. Mitarb.). Naeb Einscbalten 
der Perfusion trat sofort eine starke reflektoriscbe Atmungs- und 
Blutdrucksteigerung ein durcb Erregung der Cbemorezeptoren 

(fig. 1 A). 

Die Analyse des Perfusionsblutes nacb van Slyke (beparini- 
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Fig. 1. Hunde, 13 kg, ChlornIo.se. Dnick im r. Sinus kontrollicrt (.S. D.), Fnro- 
rezeptoren innktiviert, linkcs Sinu.sgebief- denerviert. Beidc Vngo-Dciire.».soren 
durchschnitten A. Rcchter Glomus zu-lschcn f und i mit 90 % Oj-ge.sRttigtcm 
lilut (11.5 Vol.% 0,) isoliert perfundiert. B. Allgcmcinc Blutdruck.ornkmig 
dutch Au.alnuf von Blut zum Konij)en8ator. 

siertes Scliweinevollblut, G Stunden friiher schlaclitfrisch genom- 
men) ergab die folgcnden Werte: 

Oj-Gchnlt 0.-Knp.nzifat Silttigungsgrad CO,-Gehalt 

11.5 Yol.% lie Vol.% 90 % 33.7 Yol.% 

Es crsclieint zuniicLst iiberraschend, da.ss dio.ses Blut cine fio 
Starke Erregung herbeizufiilircn inistandc war. Bei cincm Sat- 
tigungsgrad von 90 % ist mit einem wenig hcrabgc-setztcn Sauer- 
stoffdruck zu recknen imd trotzdem war die hypo.visclie Erregung 
stark. Nach der AnsicJit einiger Autoren (Assius.sex und CfiioBi, 
1911) ist die Sauerstoffspannung dc.s Blutes fiir den Erregungs- 
zustand im GIomu.s aus.schlaggebond und iiicht der Saiicnitoff- 
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inlialt. Wir moclxten gegen diese Ansicht hervorheben, dass die 
Oj-Spannung mir bei einem genugend hobem Oa-Gehalt den 
Oa-Verbrauch der erregbaren Strukturen aufrechtzuhalten vermag. 
Weim z. B. die Durchstromungsverlxaltnisse ungiinstig sind oder 
die Sauerstoffkapazitat niedrig ist, besteUt trotz einer hohen 
Oj-Spannung des umgebenden Blutes die Gefabr einer Hj^oxie. 
In dem angefiilxrten Versuch ist die niedrige Oo-Kapazitat des Per- 
fusionsblutes als wichtigste Ursacbe der lokalen Hypoxieerregung 
anzuseben, da man mit etwa dem doppelten Wert beim Hund 
recbnen darf. Eine COa-Erregung ist wegen des niedrigen COa- 
Gehaltes nicht anzunehmen. 

Aus der Figur ist ferner ersicbtlich, dass sobald der reflektorisch 
erhohte Blutdruck einen gexvissen Wert uberscliritten hatte, wobei 
Glomus wicder mit korpereigenem Blut retrograd versorgt wurde, 
sowobl Blutdruck als Atmung schnell lieruntergingen, um dann 
■ndeder zu steigen, wenn der arterielle Druck im peripheren Teil 
der A. occipitalis nicdriger war als der Pcrfusionsdruck. Nach 
Abstellung der Perfusion sanken Blutdruck und Atmung bald auf 
ihr friiheres Niveau. 

Eine ahnliche reflektorische Wirkung konnte bei Erniedrigung 
des allgemeincn Blutdruckes durch Auslauf von Blut in eine 
Kompensationsvorrichtung (bei abgestellter Glomusperfusion) 
beobachtet werden (Fig. 1 B). Nach Inaktivierung der Chemore- 
zeptoren traten diese Wirkungen nicht mehr ein. Die Bedeutung 
der Sauerstoffsattigung des eigenen Blutes ging daraus hervor, 
dass bei Sauerstoffatmung die Atraungssteigerung nach allgemei- 
ner Blutdrucksenkung etwa 1 j\Iinute spater eintrat. 

Zusammenfassung. 

Hypoxische Erregung des isoliert perfundierten Glomus- 
gebietes beim Hund mit ausgeschalteten Barorezeptoren fiihrte 
sowohl eine starke Atmungsteigerung als auch eine sehr ausge- 
sprochene Blutdrucksteigerung herbei. 
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Assay of Digitalis Preparations by the Gniiica- 

Pig Method. 

By 

LEONARD GOLDBERG. 

(Received 8 May 


Tiic guinea-pig method for standardization of cardiac glu- 
cosides, founded on the cat metliod of Hatcher and Brody 
(1910), Avas worked out by Knaffl-Lenz (192G). — In order to 
obtain constant values, ICnaffl-Lexz (1926, 1928) gave certain 
directions: The animals must have a Aveight of 500 — 800 g, and 
after 6 — 8 hours starving must be anaesthetized with ether, wliich 
is administered by means of artificial re.spiration. The concentra- 
tion of the solution injected should correspond to 1.0 — 2.5 % 
fob dig. and be administered at the rate of 0.5 — O.C ml per min, 
this being reduced to 0.1 — 0,2 ml per min, when the action of the 
heart begins to be irregular. The end point: cardiac failure 
in systole Avith no mechanical excitabilitj% then appears after 
16 — 20 min. — The concentration of the unknoAvn sample i.s 
to be chosen so that the amount required for the standstill shall 
not exceed 1.0 — 1,5 ml per 100 g (animal). Under these circum- 
stances a gidnea-'pig tmit is defined as the amount of drug 
required per 100 g for the cardiac failure. 

Anaesthesia AA-ith ether caused rather large deviations in the 
lethal doses, and after examination of scA'cral anaesthetics Kxakfi,- 
Lenz (1931, Gaddu.ai 1932) found, that in a dose of 1 g per kg in 
a 25 % solution urethane aa'os most conA’^enient, Subsequently, 
hoAA’CA’er, 1,5 — 2.0 g urethane per kg has been used (Burn 1937). — 
Marri (1939) and Marri and CiAFrr (1939) compared the potency 
of dig. purp. and dig, Ian. on non-anaesthetized animals and on 
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animals anaesthetized with urethane, but were not able to prove 
any statistically significant difference. 

Concerning the weight Knaefl-Lenz (1926) emphasized that 
animals of less than 500 g seemed able to stand proportionately 
more of the drug than those with a normal weight, others of over 
800 g proportionately less. 

The concentration of the solution injected has been assigned 
different significance for different drugs. When using fol. dig., 
the quantity required was larger with a 0.5 % solution than 
with 1.0 — 2.5 % solution (Knappl-Lenz 1926), in the case of 
strophantin and Verodigen, however, the amount required in- 
creased with the concentration (Gaddum 1932, Straub 1941). 
Ottbestrom (1934) and Levy and Otterstrom (1934), on the 
other . hand, could not prove any changes in the lethal doses 
with dig. purp., when the concentration varied. 

The rate of injection has not been considered of any great im- 
portance for dig. purp., while when using Digifolin Itzinger, 
Knafpl-Leez and Ebisch (cit. Knafpl-Lenz [1931]) found 
the lethal dose to be inversely proportionate to the amount of 
drug injected per min and 100 g (cp p. 190). 

Otterstrom (1934) and L^ivy and Otterstrom (1934) found 
when investigating the duration of the injection that the standard 
error was slight, when the rate of injection was regulated so that 
the experiment lasted for 15 min, and increased with rising dura- 
tion (30 — 80 min.). They could not prove any change in the lethal 
dose with different times of injection, neither could Brun (1939), 
who varied the length of the experiment from 12 to 57 min; 
Straub (1941), on the other hand, found the time of infusion for 
Verodigen and k-strophantin to vary with the concentration of 
the solution used. 

Compared with the frog assay, the guinea-pig like the cat 
method has the advantage of requiring fewer animals and of 
being usable the whole year round, and finally of having less 
variability. 

The accuracy of the guinea-pig method has varied somewhat in 
the hands of different workers: the coefficient of variation has 
been 10 — 15 % (Trevapt, Boock, Burn and Gaddum 1928, 
Knappl-'Lenz 1928, Otterstrom 1934, Gram 1938, hlARRi 
and CiAPPi 1939, Brun 1939, Straub, Kanda and Zinnitz 
1940), i. e. corresponding to the accuracy of the cat method 
(Lind van Wijngaarden 1926, Bliss and Hanson 1939). 
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No extensive investigations, however, have been made on the 
variations of the guinea-pig unit. Straub, Kanda and Zinmtz 
state; “Saisoncinflusse haben wir an den Meerschweinchen wedcr 
wahxend der kalten noch der warmen Jahreszeit beraerkt. Die 
Tiere waren im grossen und ganzen gleichmassig empfindlicli.” 
At the same time they say that when an animal showed a diver- 
gent value, it was due to “einen Lungenbefund”, Reiser ( 1940 ) 
claims that pregnant animals give unsatisfactory valuc.s and 
recommends males for standardization while Straub ( 1941 ) 
finds no variation of the guinea-pig unit. 

Experience shows that the lethal dose, when determined by tlie 
guinea-pig method, can vary from time to time. No unanimous 
conception has been arrived at as to what conditions cause the 
variations. This work is intended to analyse a few of the causes 
of these variations and to determine their magnitude and sig- 
nificance for the accuracy of the guinea-pig method for the a.ssny 
of samples of unknown potency. 


Experimental. 

Methods. 

Guinea-pigs, weighing 229 — 685 g, were used for the experiments, 
generally 6 — 8 animals in each group. Coming from the dealer, the ani- 
mals were kept in the laboratory for a week in order to obtain a con- 
stant weight (Gadduji 1932), and the e.xperiments were usually made 
without the animals having to be starved. 

I. Anaesthesia with 1.75 g urethane per kg in a 25 % solution. 
After 2 hours preparation ai modum Kkaffl-Lexz (1926), Artificial 
respiration from the first. The chest was opened, when the action of 
the heart was becoming irregular. End point: cardiac failure in .systole 
with no mechanical e.xcitability. 

II. Anaesthesia with 2.0 g urethane pr kg in a 20 % solution, prepa- 
ration after 1 hour, spontaneous respiration until respiration ceased, then 
artificial respiration and opening of the chest, end point as above. 

The injection was made by means of a micro-burette at a constant 
rate of infusion throughout the experiment, and varied from test to 
test: O.io — 2.0 ml per min, according to table 1. 

The following preparations served as test samples: 

1. Digisohdn Leo: potency 2.7 guinea-pig units per ml, correspom - 
ing to 44.28 mg fob dig. int. stand. (1930). Concentration u.scd: 11.5-— 

66.5 %, corresponding to 0.51 — 2.22 % fob dig. int, 

2. Fob dig. nat. stand.: potency 132.1 % of the international 
standard (1936), concentration Ms— 2.0 %, corresiionding to 1.02- 

2.05 % fob dig. int. 
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1. Examination of the Knaffl-Lenz’ Method. 

The factors firstly investigated Avere the effect of the A'arying 
rate and time of tlie injection, the weight of the animals and fi- 
nally different concentrations of the solution infused (part I). 
Digisohnn served as a test sample in this series, and according to 
method I the experiments were carried out at the State Pharma- 
ceutical Laborator}’, Oct. 1940— Pebr. 1941. In a second part (II) 
the A'ariations of the guinea-pig unit at repeated determinations 
are examined. 


1. Varying Eate and Duration of the Injection, 

A typical series of experiments on 7 groups of animals, illustrat- 
ing the influence of the varying rate of injection on the size of the 
lethal dose is gi\’’en in table 1. The concentration of the solution 
injected corresponded to 1.26 % fol. dig. int., the rate of injection 
A’-aricd from 0.16 to 1.0 ml solution per min, and the duration of 
the infusion A^aried from 9 to 48 min; the mean AA-eight of the 
animals Avas 449 g. 

From table 1 Avill be seen that the lethal dose varied AA'ith the 
variations of the injection rate, and increased with increasing rate 
of injection. 

The same tendency: augmenting lethal dose Avith increasing 
injection rate, also A\'as found in experiments on 4 groups, the 
animals weighing only 229 — 302 g Avith a mean Aveight of 257 g; 
the injection rate A’aried from 0.10 to 0.77 ml per min, the con- 
centration being as before 1.2G %. 

The experiments are illustrated in fig. 1 A, Avhere log lethal 
doses (group mean values) are plotted against injection rate. 

The relation between the lethal dose and the rate of injection 
seems to be rectilinear; the ciurA'-es of the tAvo weight series 449 g 
and 257 g respectively showed a certain tendency to coincide, Avith 
the exception of the highest values. 

A statistical treatment of the series showed, hoAvever, that the 
tAA'o curves differed more from each other than was due to chance 
(P = 0.01*). Another principle of classification was therefore 
tried, in AA-hich the Amrying Aveight of tlie animals was taken into 

* P = tJie chance of prohnhility, calculated by means of the A-ariance ratio 
according to Snedecoia (1938) and Bonsier and Tedin (1940). 
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consideration: the lethal dose was related to the amount of drii" 
injected per min and 100 g. In fig. 1 B the log letiial dose.s (group 
mean values) are plotted against log mg drug injected per min and 

100 g. 

Fig. 1 B shows, that the log lethal dose increased with increasing 
amount of drug injected per min and 100 g, and rectilinear a.s it 
would ’'seem. The two curves showed a pronounced tendencv to 
coincide. Thus no difference could be proved statisticallv (i* — 

/7 B 

Ltfha/ Dose 





Fig. I. 

A. Log lethal dose (mg fol. dig. int. pr 100 g) plotted ngoinst rate of injection 

in ml per min of a 1.20 % solution. , . . , - i 

B. Log lethal dose (mg pr 100 g) plotted against rate of injection in loi, 

mg fol. dig. int. pr min and 100 g. 

• • mean neigh t 449 g 

O O » * 257 g 


0.2). With this classification the weight of the test animals could 
var 7 within broad limits (229—685 g) without the size of the lethal 

dose being affected. . 

The duration of the injection varies invcrsclj in proportion to 
the rate, and in fig, 2 A the relation is illustrated between the log 
lethal dose and the time of infusion. From the graph it will he 
seen that the lethal dose (or log lethal dose) changed, with variations 
in the duration of the experiment: it decrea.scd with mcrea.sing 
time of injection, after a logarithmic curve, a.s it secni-s, and lie 
curves for the two weight series differed from each other con- 


siderably during the whole of their course. 

If the’ lethal dose (or log lethal dose) was 
injection per 100 g, thus taking the varying 


related to the time of 
weight of the animals 
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into consideration, tlie two curves now as well were seen to decrease 
with, increasing time of injection, according to a logarithmic curve. 
But now they showed a certain divergence only in the first part 
of their course, up to 2.0 — 2.5 min per 100 g, after which they 
completely coincided. The cause of this difference with short 
injection times will depend on the technique adopted: 

At the end of the injection, when the action of the heart begins 
to slow down, the rate of injection will be diminished to 0.1 — 


a 


lef/ia/ Oose 
'^//OOg '°9'^//OOg 



7/rne of Jnjtc/ion 
Fig. 2. 

A. Log lethal dose (mg fol. dig int. pr 100 g) plotted against time of injection 

in min. . 

B. Log lethal dose (mg fol. dig. int. pr 100 g) plotted against time of injection 
in min/100 g. 

• • mean weight 449 g 

O O 0 » 257 g 


0.2 ml per min, irrespective of what it has previously been. The 
time elapsing from the moment the rate is diminished till the heart 
stopps scarcely varies with the size of the animal, and it is therefore 
percentually of greater importance ivith a small animal, where the 
total time is shorter. The time of injection per 100 g will thus be 
relatively too long at short injection times and with small animals, 
giving the curve a steeper slope up to 2 — 2.5 min per 100 g. 


2. The Weight of the Animals. 

The importance of the variations of the weight for the size 
of the lethal dose now becomes clear. 

The rale of injection being constant, the lethal dose becomes 
larger, the smaller the animal, because the amount of drug injected 
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per min and 100 g increases. This confirms the principal finding 
of ^affl-Lenz (1926). Between 350 and 500 g the difference in 
weight is of little practical importance with a solution, correspond- 
ing to 1.26 fol. dig. int., injected with a rate of 0.25—0.30 ml per 
mm, but it is clearly apparent at an increased rate of injection or 
with a higher concentration. — This is illustrated in fig. 1 A, the 
curve of mean weight 257 g lying above that of 449 g at a h/ghor 
injection rate than 0.30 ml per min. 

If the total time of injection is kept constant, the lethal dose 
decreases with the size of the animal, the amount of drug injected 
per min and 100 g diminishing with decreasing weight (fig. 2 A), 
The rate as well as the time being kept constant per 100 g 
(fig. 1 B and 2 B resp.) the weight curves will be seen to coincide, 
and this means that the lethal dose (or log lethal dose) under 
these conditions is not affected by the weight of the animal. 


3. The Concentration of the Solution Injected. 

In order to examine the importance of the concentration, the 
experiments were repeated with 5 different concentrations, cor- 
responding to 0.51 — 2.22 % fol. dig. int., and varying rates of 
injection within each concentration; 0,10 — 2.0 ml per min, on a 
total of 24 groups of animals. The mean values of the lethal 
doses (in ml test) •with other data are to be found in table 1. 

The results were: The rate of injection being kept constant, the 
lethal dose increased "with increasing concentration, which is due 
to the fact that the amount of drug injected per min and 100 g 
increases; this confirms Gaddum’s and Straeib^s statements on 
strophantin and Verodigen (cp. p. 179). — The concentration 
being constant, as before an increase of the lethal dose ■svas to be 
found ■vnth increasing rate of injection. 

The standard de-viation •within the groups varied from 7.6 % 
to 22.8 %, on an average 11.6 %, when expressed in per cent of 
the mean, i. c. = the coefficient of variation. The standard error 
of the mean varied from 2.9 % to 9.1 % wth an average of 4.5 %, 

6 — 7 animals being used in each group. The coefficient of variation 
was thus of the same magnitude as that found by other workers 
(cp p. 179) and somewhat lower than that found for the cat method 
(Lind van 'Wijxga^vbdek 1926, Blts.s and ILaxsok 1939). 

The standard deviation was somewhat greater with lower con- 
centrations (0.51— b.55 %), on an average 14.4 %, than WJth 
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Table 1. 

Lethal Doses of Digisolvin after Variations in Concentration, Bate of Injection 

and Weight. 


Conceu- 

tmtion 

Test Animals 

Rate of Injection 

rime of Injection 



Lethal Dose 1 

1 

fol. dig. 


Weight in g 


mg fol. dig; 


1 


Coeff. of 

.■S 

her 




min 

min/100 g 

ml test/100 g 

Variation 

% 

0.51 

8 

421—485 (456) 

1.05 

1.39 

13 

2.9 

0.823 ± 0.026 

22.8 

> 

rv 

O 

536—578 (552) 

2.0 

1.8S 

13 

2.4 

0.360 ± 0.012 

9.4 

> 

8 

446-505 (480, 

9 

2.11 

11 

2.8 

0.362 ± 0.011 

11.0 

0.55 

5 

389—522 (450) 

0.25 

0.33 

n 


0.281 + 0.008 

8.6 

> 

5 1389 -410 (417) 

0.70 



0.318 + 0.029 

20.4 

1.2G 

8 

255-302 (266) 


0.47 

! 

lO.O 

0.274 ± 0.012 

12.4 

> 

9 

229-299 (261) 


1.22 

1 14 

5.4 

0.310 ± 0.013 

12.6 

) 

9 

238-288 (263) 


2.44 

9 

3.2 

0.874 ± 0.015 

mssm 

> 

8 

225-280 (248) 

0.77 

3.97 

■ 7 

2 9 

0.462 ± 0,019 

11.6 


5 

469-579 (509) 

0.15 

0.38 

40 

7.9 

0.288 ± O.Oll 

7.6 


5 

398-434 (410) 

; 0.30 

0.93 

18 
' 15 

4.6 

0.821 rf- 0.013 

9.1 


8 

429-520(461)'! 0.60 

1.38 

3.2 

O.S50 ± 0.012 

9.3 


8 

427—464 (444)1 t 

1.42 

i 13 

2.9 

0.884 ± O.Oll 

9.3 

> 

8 

391-475(439) 

> 

1.45 

! 

3.2 

0.367 ± 0.014 

10.8 

9 

8 

395-497 (433) 

0.76 

2.21 

i 10 

2.3 

;0.401 ± 0.019 

13.4 

> 

6 

430-464 (440; 

1.0 

2.84 

1 10 

2.1 

! 0.416 ± 0.022 

12.9 

2.02 

8 

400-472 (427) 

1 0.20 

0.95 

! 17 

4.0 


Hi 


10 

396-500 (466) 

1 0.40 

1.94 

i 12 

2.6 



2.22 

4 

451 — 463 (460) 

0.1 0 

0.4 C 

' 26 

5.7 

0.262 + O.OlO 

7.6 


5 

380-544 (455) ! > 

0.50 

23 

5.1 

0.238 + 0.009 

8.4 

> 

4 

670-685 (678)i 0.50 

387—521 (458) i 

1.C4 

15 

2.2 

1 0.384 ± 0.017 

8.9 

> 

4 

2.45 

10 

2.2 

1 0.874 ± 0.019 

10.2 


5 

406-425 (414)'; 

2.C8 

10 

2.4 

0.375 ± 0.017 

10.7 

3 

3 

361-383 (372) 

> 

2.98 

8 

2.1 

|0'892 ± 0.032 

14.1 


stronger solutions; 11. G % with a 1.26 % solution and 10.7 %with 
2.0—2.22 % solutions. No statistically significant difference in 
standard deviation could be proved between slow and rapid rate 
of injection, as Otterstrom (1934) and Levy and Otterstrom 
(1934) claim. 

In order to compare the effect of the different concentrations 
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and rates of injection the log lethal dose, expressed in mu fol.diu. 
int. per 100 g, was related to the aniovmt of drug injected per mm 
and 100 g, expressed in mg fol. dig. int. too, and plotted on a 
graph (fig. 3 A). 

. From fig. 3 A it will be seen that all values grouped themselves 
along a straight line, the regression line (cp p. 195). 

The lethal doses (or log lethal doses) showed a con.siderahle in- 
crease with increasing amount of drug injected, and the deter- 
mining factor for the magnitude of the lethal dose seemed to he 
the amount of drug injected per time unit and JOO g, i. c. the 
product of the rate of injection and the concentration. 

/J B c 



Pig. 3. 

A. Digi.solvin. B. Fol. dig. nnt. stand. (K. I.). C. Fol. dig. nnt. .stan'l. 
(S. P. L.). Log lethal doses, group means in ing fol, dig. int., plottcil against rate 
of injection in mg fol. dig. int. pr min and 100 g. Kcgr. lines calculated from regr. 
cq. for each series. 


Some examples of the size of the changes inthc lethal dose when 
the rate of the injection, the concentration and the weight is 
varied, are given below. The values are calculated according to 
formula (3), and as a standard the lethal dose lias been chosen 
for a 2 % .solution of fol, dig. int., injected at the rate of 0.r> ml 
per min on an animal of 450 g, corresponding to an injection mte 
of 2.22 mg fol. dig. int. per min and 100 g, = 1G.C5 mg fol. dig. 
int. per 100 g. 

When the weight of tlie animals is kept constant, an increa.se of 
the rate of injection from O.o to 1.0 ml per min incrca.se.s the lethal 
dose to 23,50 nig per 100 g, corresponding to an incrca.se of 41.1 ')»• 
a decrea.se in the iccight from 450 to 250 g increases the lethal dc)>e 
by 32. ‘i %, and finally a decrease in tlie concentration of the solutimi 
used from 2.0 to 1-0 % reduces the lethal dose by 15.8 %. 
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An average time of injection of 12 min corresponds to the 
standard lethal dose of 16.65 mg per 100 g used above, and varia- 
tions in this time have a similar effect. The lethal dose increases 
bv 56 %, when the time of tlie e.vperiment is reduced to 6 minutes, 
whereas an increase of the time to 35 min only increases the lethal 
dose by 24.S %. 

The importance of these factors for determining the potency 
of an unknown sample is illustrated in tabic 2. The potency is 
expressed in guinea-pig units, and the factors varied within the 
limits of the original Kxaffl-Lenz’ method, the lethal doses 
being calculated according to formula (3). 


Table 2. 

Potency in Guinea-Piy Units of Fol. Dig. Int., When Tested According 

to Knaffl-I^nz. 


Concentration 
of solution 

• ' 

AVciglit of 
nnimal.s 

e 

Rate of Injection 

Lethal Dose 
mg fol. 
dig./lOO g 

Guinea-Pig 

Units 

pr g fol. dig. 

ml/min 

rag fol. dig 
pr rain/100 g 

1,00 

m 

0.50 

O.CS 

13.02 

76.8 

1.75 

650 

0.55 

1.48 

11.85 

67.3 

2.50 

500 

O.CO 

3.00 

18.79 

53.2 


II. The Variations of the Gninea*Pig Unit 
at Repeated Determinations. 

A. Digisolvin. 

As the lethal dose has been defined, it is at the same time a 
determination of the size of the guinea-pig unit. The changes of 
the lethal dose at repeated intervals consequently give the varia- 
tions in the guinea-pig unit, which are to be attributed partly 
to e.xperimental errors, partly to its own possible variation. 

The e.xperimental error was on an average 12,2 %, and the total 
error 9.2 % (table 3). 

Bj’ adjusting the lethal dose to the identical amount of drug 
injected per min and 100 g, according to the regression formula 
(p. 195) the total error was reduced on an average by 33 %. This 
reduction consisted mainly of a decrease of the variation from 
time to time and only to a small extent of differences in the 
experimental errors before and after adjustment (table 3). 
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TJie experiments in this series thus indicated that a statisficallv 
significant variation from time to time remained, even when usin^ 
6 — 8 animals for each determination and making adjustments for 
the variations in the rates of injection. 

In order to see -whether the circumstances found hold good for 
fol. dig. as well and not only for a special preparation, containing 
above all the water-soluble fraction of the digitalis glucosidcs, 
the investigation has been repeated mth fol. dig. nat. stand., 
firstly according to method II on animals, some of which come 
from different sources (B), and secondly under the same conditions 
as the Digisohnn series (C). 


B. Pol. Dig. Nat. Stand. (K. L). 

According to method II the lethal dose was determined at the Pharni. 
Dep. of Karolinska Instit. from Sept, to Dec. 1940, fol. dig. nat. being 
u.sed as test on 10 different occasions on altogether 3S animal.'!. The 
concentration of the solution injected was 1.5 % fob dig. nat., corres- 
ponding to 2.0 % fob dig. int. (p. ISO), the rate of injection vnrj'ing 
from 0.35 to 1.0 ml per min. 

The lethal dose was found to be 14.40 — 23.50 mg fob dig. int. 
per 100 g, the average being 18.7G mg per 100 g (mean values of 
3 — 5 animals in each group). 

As in the Digisohnn scries the guinea-pig unit had a variation 
from time to time that exceeded the experimental error (table 4). 

If the log lethal doses -were related to the rate of injection per 
min and 100 g, they varied proportionately with the variation.s of 
the amount of drug injected (fig. 3 B). 

The adjusted mean values (regr. formula [6]) only varied from 
IG.SO to 2O.G0 ing fol. dig. int. per 300 g, the total error thus being 
reduced by 44.7 % as compared with the original valuc.s found, 
and the vjiriation from time to time now being within the limits 
of error (table 4), 


C. Fol. Dig. Nat. Stand. (S. P. L.>. 

The variations of tJie guinea-pig unit were follov.-od according to 
method I from Fobr. 1910 to Oct. 1941 at the State PliarmaccHtica! 
L.aboratory. The dctormination.s were made on IG different occasions 
<in altogeUicr So animals, (he rate of injection being constantly 0..'^ ml 
per min (exceptions see below), the concentration 1.-I5 — 2.0 % fob dig. 
nat., corresponding to L'J2 — 2.05 % fob dig. int. 
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The mean values of the lethal dose, expressed in mg fol. dig. int., 
3 — 6 animals in each group, varied from 15.42 to 20.64 mg per 
100 g, the average being 16.90 mg (12 groups, 4 additional groups 
not included, see belov). 

The lethal doses, in this series too, varied from time to time 
(table 5). 

Relating the log lethal doses to the rate of injection showed that 
they varied with the variations in the injection rate (fig. 3 0). 

Dose 


'^/oog 



Pig. 4. 

Secular variations of log lethal dose. Test: Fol. dig. nat. stand. Log lethal dose, 
expressed in mg fol. dig. int., plotted against time. 

□ mean of actual (or found) log lethal doses 
O » » log lethal doses, adjusted by regr. formula. 


A calculation of the regression equation could not be made from the 
original series observed — 12 groups with 54 animals — , the amount of 
drug injected per min and 100 g having too small a variation in relation 
to that of the lethal dose. Consequently 4 another groups of deter- 
minations were made on 31 animals with a 1.5 % solution of fol. dig. 
nat., corresponding to 2 % fol. dig. int., and varying rates of injection: 
0.20, 0.35, 0.75 and l.o ml per min. The lethal doses were 12.71, 13.31, 
19.3G. and 24.60 mg fol. dig. int. per 100 g respectively, being mean 
values of 7 — 8 animals in each group. 

According to the regression equation calculated (p. 198), the 
total variation decreased by 44.2 % after adjustment, which varia- 
tion still exceeded, however, the experimental error (table 5), 
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A diagram of the variations in the mean lethal doses, accorcljjif: 
to dates of test, is given in fig. 4, from which will clearly be seen 
the abscence of a seasonal trend. 

Discussion. 

The relation between the lethal dose (or log lethal dose) and the 
amount of drug injected per min and 100 g indicates that the 
effect of the drug administered does not set in momentarily but 
appears after a certain period of latency. The cause will depend on 
the effect that the cardiac glucosides produce in the body: they 
are not bound directly and immediately to the cardiac muscle but 
via an intermediary: a fixation to the serum albumin, from which 
they will afterwards be given off to the cardiac muscle according 
to Haarmanx, Hagemeier and Lexdle (1940) and Haarmanx, 
Korf.macher and Lexdle (1940). Moreover the ability of the car- 
diac muscle to fix the drug will be limited; on the supply of a larger 
quantity of drug than can be fixed the surplus must circulate in 
a free or bound form in the blood and will increase with the rate 
of injection. This phenomenon is reflected in the increase found of 
the lethal dose with augmenting quantity of drug injected jjcr 
time unit. 

The period of latency lias been observed by Blickexsdorfer 
and McGuigax (1940), who at regular intervals injected a le.st 
solution of digitalis in dogs; they did not, however, attach any 
importance to it. Ed.muxds, Mover and Shaw (1997) Avith dig. 
purp. and Vos and Daavsox [quoted from Sxedecor (1938)] with 
oubaine have found a change in the lethal dose Avith variations 
of the injection rate on cat. On guinea-pigs AA'ith Digifolin Itzixoeu, 
Kxaefl-Lexz; and Reisch (1931) [cit. Kxaeel-Lexz; (1931)] 
stated that the lethal dose AA-as iiiA'crscly proportionate to the 
amount of drug injected per min and 100 g’, they AA*cre not able to 
shoAA' that fact for fob dig. or any other glucosido.s, and therefore 
assumed this proportionality to be .specific for that .special samjde. 
The experiments in this AA'ork, hoAA'cver, indicate that the rela- 
tion betAA’cen the lethal dose and the amount of drug injected per 
min and 100 g is a general phenomenon, and they confirm the 
graph on Digifolin, gi\'cn by Kxafel-Lexz ct al. (1931), furtlier 

* The on'einnl work is not to Iw hnd, but from ii }mbli‘'li('<l (frnph tjCv''']!*'* 
Lesj; it uill Ik- clMrly seen that the letluil nnU the r.'ite of iuj'-cleet 

are rfirrc/fy j)roportiormte. 
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the conclusions to be drawn from the original values in the thesis 
of Otterstrom (1934r), which suggest the same thing with fol. 
dig., digitaline and scUlarene A, and to a certain extent with 
ouabaine, and finally the principal results of Straub (1941) with 
verodigen and k-strophantin. 

The calculated regression equation (p. 195) will be a characteristic 
of the effect of the drug on the animals used, and the differences 
between different drugs and series of animals are reflected by the 
changes in the constant term of the equation, which will be an ex- 
pression of the varying susceptibility of the animals, and changes 
with the drug, the stock of animals, and the method adopted. 

The regression coefficient, on the other hand, does not seem to 
vary more than at random ndthin a homogenous stock of animals. 
In those cases, where it has shown a considerable deviation, this 
has been due to a heterogenous stock, and the heterogenous groups 
having been eliminated, its magnitude has not shown any depar- 
ture from the average beyond the experimental error. From these 
facts the regression coefficient may be assumed to express the 
changes in the lethal dose with the variations of the injection rate, 
and characterizes the drug and its mechanism of fixation in the 
system. It has stUl to be proved to what extent the size of the 
coefficient varies when using different drugs. 

Finally it may be said that the probability of a rectilinear relation 
between the log lethal dose and the amount of drug injected per 
min and 100 g seems to be greater than for any other function, 
at least as far as this work is concerned (the test of de^^ation of 
group means from linear regression ghdng P = 0.2). 

The individual variation, apart from being due to experimental 
errors, e. g. changes in the injection rate during the experiment, 
different end points etc., must also be attributed to differences 
in the tolerance of the individual animal to the drug, the causes of 
which still are to be investigated (differences in sex, in vitamin 
balance etc.). Starving the animals before the experiment has 
proved of no importance (unpublished). 

If the rate of injection, the concentration and the weight 
of the animal were kept constant, the standard deviation for 
all the series — 50 groups with altogether 277 animals — was 
on an average 11.2 %, which corresponds to a standard error 
of the mean of 4.6 %, 6 animals being used for each determina- 
tion. If all animals were taken from the same source, the 
standard error was still less; 2 — 3 % (tmpublished). If the 
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constancy was not kept, the standard deviation increased to 
19.4 %, wiich corresponds to a standard error of 8.0 %, thus 
making an increase of 73.7 %. 

"V\Tien determined at repealed intervals, the lethal dose varied on 
an average by 18.3 %, 5 animals being used in each group. If the 
lethal dose (or log lethal dose) was related to the rate of injection, 
concentration or weight, it varied in proportion to the changes in 
the rate and the concentration, and inversely in proportion to 
weight, i. e. proportionately to the quantity of drug injected per min 
and 100 g. The adjustment by regression of the lethal doses elimi- 
nated about 60 % of the variation, Nevertheless the variations in 
two of the series, about 7.4 %, exceeded the experimental error. 
As the technique in each series has been uniform the Avhole time 
(the variations in the injection rate eliminated by means of the 
regression equation) and as all the animals in one group have 
come from the same source, the changes wll be due to fortuitous 
variations in the susceptibility of the animals, and common to a 
whole batch. 

The mean log lethal doses of the three series, adjusted to tlie 
identical rate of injection (2.22 mg fol. dig. int per min and 100 g), 
were 16.65, 17,26 and 16.37 mg fol. dig. int, per 100 g respectively, 
showing no statistically significant differences from each other. 
The slight difference between the two methods adopted thus 
seems to have been of no importance for the size of the lethal dose 
nor for the accuracy of the assay, the standard deviations being 
of the same magnitude (tables 3, 4 and 5). 


ConcliLsions. 

The practical consequences concerning the guinea-pig method 
\viU be as follows: 

If the Knaffl-Lexz directions are followed, the guinea-pig 
unit of lethal dose can vary by max. 44.3 %, solely by variations 
in the quantity of drug injected per min and 100 g, the individual 
variation not being included (table 2). When using 6 animals for 
each test, the standard error of the mean amounts to 8 — 10 % on 
an average. If the variations of the injection rate arc eliminated, 
which is most simply done by keeping the rate of injection, the 
concentration and the weight constant, or by adjusting the 
values according to the regression formula, calculated for each 
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special series, the standard error decreases to 4 — 5 % on an 
average, the same number of animals being used the whole time. 

As the guinea-pig unit can vary from time to time by max. 
20 %, even after adjustment, these variations can be eliminated by 
determining the size of the guinea-pig unit on a standard prepara- 
tion with the technique used in the laboratory. — The concentra- 
tion of the solution, the rate of injection and the weight of the 
animals must be Jcept constant, not only within each group but 
also from time to time in order to obtain a minimal standard error 
and to avoid complicated calculations. 

A rate of injection of 2.0 — ^2.5 mg fol. dig. int. per min and 100 g, 
corresponding to a concentration of the solution of 1.5 — ^2.0 %, 
when injected at the rate of 0.5 ml per min on an animal of 400 — 
500 g, have proved to be appropriate standard conditions. Concen- 
trations of less than 1 % give greater experimental errors as also 
solutions exceeding 2.5 %. A suitable weight will be 350 — 500 g, 
and to simplify matters, if the rate of injection is kept constant 
per whole animal, the variation in weight Avithin the group should 
not exceed 50 — 75 g. The average time of injection udll thus be 
12 — 14 min and the average lethal dose 16 — 18 mg fol. dig. int. 
per 100 g, varying someAvhat with the establishment of the mo- 
ment of cardiac failure. The consumption will be c. 1 ml per 100 g, 
and the concentration of the solution will tlius correspond to tlie 
lethal dose or one guinea-pig unit per ml. 

The procedure when standardizing an unknown sample will be: 

The tolerance of the animals, i. e. the size of the guinea-pig unit, 
is determined Avith a standard preparation on 6 — 8 animals. Then 
the unknoAvn sample should be tested on the same stock of animals 
as the standard and of the same aA'^erage Aveight. The concentration 
should be chosen as to contain one lethal dose, corresponding to 
one guinea-pig imit or 0.20 — 0.25 intern, mits, per ml, and should 
be injected at the identical rate as the standard. If the average 
times of injection aie identical, the Amlues found are directly 
comparable and the method is suitable for testing samples of 
different drugs. 

Experience shoAvs that slight variations in time and Aveight are 
of less consequence than is the constancy of the injection rate. 
If the time of injection is considerably shorter than that of the 
standard, say by more than 2 — 3 min, the sample should be dilu- 
ted, and the AAdiole determination repeated with the new solution; 
it is the same thing if the time is considerably lon(jer, say by more 
Acta vJm-s. ficanclinnv. Vol.-i. 
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than 4 — 5 min, when a stronger solution should he used. — Under 
these conditions no adjustment for the variations in the amount 
of drug injected per min and 100 g is necessary. 

The nimher of animals required for each test depends on the 
demands of accuracy established. A determination of tlie stan- 
dard on 6 — 8 animals from a homogenous stock gives a standard 
error of 3 — 5 %, which will be suitable if the stated potency of the 
sample is to be allowed a tolerance of 20—25 %. 

As the size of the guinea-pig unit varies with the amount of 
drug injected per min and 100 g, eventually with the method 
adopted at the different laboratories in spite of certain regulations 
being established, and finally from time to time by changes in the 
susceptibility of the animals, it will be unsuitable to state the 
potency of a sample in guinea-pig units. By comparing a sample 
with a national or international standard preparation, the im- 
portance of which has already been stressed (Vartainen 1932, 
Quart. Bull. Health Organisation 1935), and by stating its potency 
in intern, units or g of a standard preparation this uncertainty in 
the determination is avoided, and makes it possible to every 
worker in this field to vary his technique to a certain degree as 
suits him best. Standard preparation and sample must be treated 
uniformly and be tested simultaneously on the same stock of 
animals, particularly, if these are coming from different sources 
or if a considerable length of time elapses between each test. 
Tliis is absolutely essential when establishing the potency of n 
new standard preparation, but may be modified within certain 
limits, when control etc. is concerned. 

Statistics. 

A. Digisolvin. 

The lethal doses ns well ns the injection rate were c.xpressed in mg 
fol. dig. int. per 100 g, converted to logarithm.s and related to the 
amount of drug injected, exprc.ssed as mg fol. dig. int. per min and 
100 g, in order to make a comparison po.ssible of the rc.sults of thw 
.serie.s with other drugs. — The log lethal doses are generally riormnlly 
distributed and can be transfonned to percentage mortality in order 
to get a mortality curve for calculation of LD 50 (GADDtrJt 1933, Bu.“.s 
1938, Bliss and Hanson 1939). 

Anab’fii.s of variance and covariance ha.s been carried out on the 
individual valuc.s, and the tc-sts of significance made by using variance 
ratios according to Snedkcor (19.38) and Bonkieu and Teui.v (19**). 
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The material was divided into three main groups^ according to con- 
centration: 

0.51 — 0.55 % 5 groups 29 animals 

1.26 % 11 » 82 ») 

2 . 00 — 2.22 % 8 » 43 » 

The analysis of covariance showed that the differences between 
these group means and between group regression coefficients were 
not significant (P = 0. 2 ). This means that the differences in weight 
and concentration are eliminated by relating log lethal dose to mg 
drug injected per min and 100 g, and the main groups of concentra- 
tion have then been combined into one. 

The regression line has the general form 

log Y = log y -f b(x — x) (1) 

where log Y = log lethal dose of a value on the regr. line, 
log y = mean of log lethal doses found, 
b = regression coefficient, 

X = mg drug injected per min and. 100 g, 

X — mean of x- values. 

When the log lethal doses and the injection rate are expressed in 
mg fol. dig. int. as stated above, the regression Une of the Digisolvin 
series becomes 


log Y= 1.1819 -f 0.0C735 (x — 1.0427) (2) 

log Y= 1.0720 4 - 0.06735 X (3) 

Correlation coefficient (r) = 0.7457 (P<0.ooi). 


Group means of actual or found lethal doses and regr. line are illustra- 
ted in fig. 3 A. 

In order to test whether 

1) the group means of the adjusted lethal doses show any departure 
from the regr. line beyond the exp. error = heterogeneity of the material, 
or 

2) the adjusted log lethal doses are normally distributed, each actual 
value (yfonnd) was adjusted to the identical injection rate by means 
of the following formula (4); 

log yaajnstea = log y/ound — log Y -j- log yc . . • . (4) 

where log Y is calculated from formula (3) for each x-value and 

log Yc is a chosen standard, e. g. the median lethal dose = log y, 
corresponding to LD 50, or in this case the log lethal dose corresponding 
to a rate of injection of 2.22 mg per min and 100 g = I .221 = log 
16.65 mg per 100 g, calculated by means of formula (3). 

Ad 1. The actual and adjusted log lethal doses were divided into 
groups according to the original rates of injection (table 1 and 3). 

The stand, dev. in col. 5 and 11 are as usual calculated as the square 
root of the mean square (col. 4 and 10). This being a logarithm, a too 
becomes a log, and its antilog the stand, dev. in percentage of the 
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O.002804 0.002RH1 


average; on account of its conversion from logarithms its value is larger 
tvlion positive than negarive. When a is small as comjtarod to the 
average, this difference can he approximated according to Cocitr.AN 
(]9.‘}8), and expressed in percentage of the mean: 

Stand. dcv.p,.r,.f,, — In JO X log .stand, dev. . . . (5) 
(X-;— 2.30‘jg X log a (G) 

Col. G and 12 are calculated according to formula (G), and col. 7 and 
13 e.xpres.scd in mg fol. dig. int., the average being antilog l.-'.’l 
” 10,03 mg per 100 g. 

The group means differed .significantly from each other, even after 
adjustment, indicating a heterogeneity of the material. 

Ad 2. liu.s.s (Ifi.TS) ha.s given a method for converting mortality 
rurvc.s to .straight lines by calculating percentage mortality and trans- 
forming them to ]>robit.s, v.-fiich permits calculation of LI) .GO and the 
.stand, dev. The .same ]>rocedure can bo applied to lethal doses (Bmss 
and ir.AN.so.v Ht.Gfi). The log h-tha! doses an* divided into groups accord- 
ing to sir.e, the groups expre.ssed in percentage of the total, i. c. giving 
percentage mortality, and these converted to probit.s. If the log lethal 
do-e.s are normally disfriimted, the converted mortality curve becomes 
reetiline.ar, the reciprocal of it.*-' slope giving the .stand, dev. 

This has been applical to the adjusted values of the Digisolvin serj'-s, 
and the r**sul!s art- to be found in fi,g. 5 .A. The agre,-ment wit !i I'xpeela- 
tion L u .‘•'Upport for the assumption that the letlial do-'e.H are tionnaliy 
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/hctifs 




c 





iefAcrf Dose 




Fig. 5. 

A. Digisolvin. IJ. Fol. dig. nat. stand. (K. I.). C. Fol. dig. nat. stand, 
(t?. F. L.). Percentage mortality of adjnsted log lethal dosc.s, mg fol. dig. int. pr 
100 g, transformed to prohits and jdolted against log lethal doses in mg pr 100 g. 
Mortality line hy graphical construction. 


distributed and that by a]) 2 )Iyin" the regras.sion equation tlic identical 
rci;ults arc obtained a.s when using the mortality curve according to 
Bliss ct al., both with regard to the size of the median lethal dose 
iiul to the stand, dev. 


B. Pol. Dig. Nat. Stand. (K. L). 

The (c.st being e.\j)rc.sscd in mg fol. dig. int. 2 }cr 100 g and the rate of 
injection in mg fol. dig. int. jter min and 100 g, the regression line of 
this scric.s had the formula 

log Y = 1.1!G4U O.OSICa (x — 2.73a'.) (7) 

log Y =: l.nsi 4- O.o.'jKia X (8) 

Correlation coefficient (r) = 0.s.i«c (P <0.ooi). 

The values have then been divided into the original groiqw, according 
to dates of testing — 10 groups with 38 animals — , and adjusted by 
means of formulae (1) and (8) to the identical rate of injection — 2.ee 
mg })cr min and 100 g — corre.sponding to a mean lethal dose in this 
series of antilog L-’:)" = 17 . 2 fi mg per 100 g, calculated by formula (8). 
The group means and regr. line are illustrated in fig. 3 B, and the result 
of (he analysis of variance in table 4 . 

.Stand, dev. cidculatcd as in A., the average here being antilog 
].e:i7 = 17. er. mg fol. dig. int. per 100 g. The differences between the 
group means arc not significant after adjustment. 

The result of converting log lethal doses to probits according to Bliss 
ct al. is illustrated in fig. 5 B. The values agree fairly well with expecta- 
tion. 
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Source 

of 

Variation 


Table i. 

FvL digit, nat. stand. (K.I.). 
Actnal Talnes 


•Adjnste^ Ya! a cs 


^ G. 

5 ^ 

G G 
CU G 
Q Ui 

K O 


cn 


Stand. BcTiationl 


S G 
P 73 


(rs 

Q 


7^ 

I s 


i»2 
i G ^ 

.stKiil : 

w i £ 


tn 


< I 


island. Bcvnatidn' 


s c 
p ^ 

w 

c 


Cl 


t C 5 

; "VV-.: 

> *1 

< =. 
. ^ ^ i 
I »-l c ! *— 


1 

Rates of injec- 

2 

3 

4 

6 

6 

7 i! 8 

f ' 

0 

10 

J 

11 

'iJ- 

'l.f| 

i 

tion .... 

9 

0,176843 

0.019639 

0,1401 

32.3 

0.67; 8 

0.027461 

O.OOSO.'iO 

0.0552 

12.7 

i 

t 

2.20; 

Deviations 
within gronps 
(error) . . , 

JL 

0.083386 

0.002978 

0.0546 

12.6 

r 

2-l7ii 27 

0.050634 

0.001875 

0.045S 

30.0 

j 

Total 

37 

0.2602281 0.0070S3 O.oesoj 19.3 

3.33I1 36 

0.078085 

0.002169 

0.0}6fi| 10.7 

1 


Variance ratio 

O.00298 


Teat of significance: 

6.59*** (Df 9/28 P = 0.001) f?:^!^ = l.C3 (Df 8/27 P == 0.2) 

|| O.001876 


C. Fol. Dig:. Nat. Stand. (S. P. L,). 

The test was expressed in mg fol. dig. int. per 100 g and the injection 
rate in mg per min and 100 g. The regression line for the whole scries — 
16 groups with altogether 85 animals — had the formula 


log y — 1.2242 -f 0.0840C (x — 2.34SG) (9) 

log y = 1.02GS -f-0.0840C X (10) 

Correlation coefficient (r) = O.S32i (P <0.ooi). 


Actual and adjusted values, according to formulae (4) and (10), 
have then been divided into the original groups, according to dates of 
test, the average being antilog 1.214 = 16.37 n)g fol. dig. int. jicr 100 g, 
corresponding to a rate of injection of 2.22 mg per min and 100 g 
(table 5). Group moans and regr. line are illu.srratcd in fig. 3 C. 

The differences between the actual group means were highly signifi- 
cant, different rates of injection being used, and even after ndjn.st- 
ment to the identical injection rate a slight difference was to he 

result of the transformation of log lethal do.scs of this series 
to probits is given in fig. 5 C, the values agreeing well with e.vpccta- 
tion. 
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Table 5. 

Fol. digit, nai. stand. (^SPL). 


Source 

of 

1 Variation 

Actual Values 

Adjusted Values 

^ a 
5 CM 
e « 
c- ft 
c tc 

s o 

*-•5 

5(4-a) g 

Mean 

Square 

Stand. 

Deviation 

Degrees of 
Freedotti 

1 

Mean 

Square 

Stand. 

Deviation! 

log a 

t— > ^73 

s « 

p 

CM ^ 
o 

n 

log ff 

Per cent 
of Average 

mg 

fol. dig. 

1 

o 

3 

4 

6 

G 

7 

8 

9 

10 

n 

12 

13 1 

1 

( Ratos of injec- 












1 

tion .... 

15 

0.5174G9 

0.034498 

0.1857 

42.8 

7.00 

14 

.0.058688 

0.004186 

0.0G47 

14.9 

2.44 

Deviations 













witliin groups 













(error) . . . 

69 

0.124199 

o 

o 

GO 

o 

o 

O 

0.0424 

9.8 

l.fiO 

68 

0.139C8C 

0.0020B4 

0.0458 

10.4 

1.71 

Total 

84 

0.C41GC8 

O.OOTCSoi 0.0874 

20.1 

3 . 29 ' 

83 

0.198274 O.002388 

0.0489 

11.3 

1.84 


Test of significance: 

Variance ratio (Df 15/69 P = O.OOl) ! = 2.04* (Df 14/68 P = 0.05) 

0.00180 1 0.002054 


Sammary. 

The guinea-pig method for standardization of digitalis prepara- 
tions (Knaffl-Lenz 1926) has been tested with various concen- 
trations, rates of injection and weights. 

1. The lethal dose (or log lethal dose) varies proportionately 
to the quantity of drug injected per min and 100 g. The variations 
may amount to max. 44 %, on an average 20 %, when following 
Knaffl-Lenz’ original directions. When keeping standard condi- 
tions, or adjusting the lethal doses to a constant rate of injection 
by means of the calculated regression equation, the standard 
average deviation is 10 — 12 %. 

2. When determined at repeated intervals under standard 
conditions the guinea-pig unit shows an average variation of 
5—10 %. 

3. The potency of digitalis preparations should be expressed 
in international units or g of a standard preparation and be 
uniformly tested on the same stock of animals as the standard. 
Under these conditions the guinea-pig unit has a stand, error of 
3 — 5 %, 5 — 6 animals being used for each test, and the guinea-pig 
method seems to be a fairly good method of standardization. 
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From the Zoophysiological Laboratory, Copenhagen. 


The Blood-Br.iin-Barrier in Some Freshwater 

Teleosts. 

By 

FRANK LUNDQtnST. 

(Received 8 May 1942.) 


It is a -wellknown fact, that the passage of several substances 
from the blood to the central nervous system is very slow in 
mammals; it is usually said, that a blood-brain-barrier is present 
in these animals (references by Broman). 

Two methods have been used to demonstrate the presence of 
such a barrier. The first is injection of certain vital dyes outside 
the central nervous system, e. g. intravenous or subcutaneous, 
i. e. “paraneural”. 

Hereby aU tissues, except the brain and the medulla spinalis, 
may be coloured. In the brain, only the peculiar glandhke forma- 
tions, called plexus choroideus, become strongly stained. 

This procedure was designed by Goldmann (1913) and has been 
used lately by Broman (1940). 

The second method has been to analyse the cerebro-spinal fluid 
after (paraneural) ingestion of different substances. It has been 
extensively applied by modern authors (see e. g. Stern (1921)). 

As it was not known, whether similar mechanisms are present 
in other vertebrates, I undertook, on the suggestion of prof. 
Krogh, to investigate the state of teleosts in this connection. 

The structures belonging to the central nervous system are in 
fishes widely different from those in higher vertebrates. Of in- 
terest for the present problem are mainly the meninges and the 
choroid plexuses. 

14 — y22195. Actapliys. Scandinav. VoL-'i. 
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The Meninges. 

The classical vie\v of the meninges in tcleosts is that the nienitix 
primitiva of the young larva is split up into an ondomoninx dose 
to the central nervous system, and an ectonieninx bordering on 
the cranium and corresponding to the dura mater of higher verte- 
brates. The large space between these two membranes is filled 
with very loose connective and fatty tissue. According to nio.st 
modern authors (Kappers (1925), vax Gelperk (1925)) tliere is 
present in most (possibly all) teleostcan fishes, a third membrane 
between the two mentioned, and vax Gklperx lias further shoxen. 

Ectonieninx (dura) 

Adipo.so tissue 
(rich in vessels and nern-s) 

Endomeniiix (lam. ext.) 

Endomcninx (lam. int.) 

Brain 
Nerv 



Fig. 1. Cross-section of the skull of a cyprinoid fish (midhrain- 
region, schematic). From SAnE>u;nu moJifled.) 

that it is derived from the endoraeninx. This lamina externa of the 
endomeninx as vax Geeperx calls it, is built up of fibroirs ti.s.sue 
and has no resemblance to the arnchnoidca of the amnioto verte- 
brates. 


The Clioroid riextise.s. 

The anterior choroid plexus of the teleostcan fish i.s a trans- 
parent, very thin and fragile membrane covering the anterior 
ventricle, at bottom of which the basal ganglions are situate.:!. 
(Fig. 2.) It corresponds to the pallimn of other vertebrates (it is 
in fact often called pallium). The posterior choroid plexus is a 
formation covering the fourtli ventricle. It is in most specic.s con- 
siderably smaller than the anterior ple.xus and was not describ.*:! 
untill in the second decade of this century (CouPix (192-1)). I nf 
choroid formations are not folded as in other vertebrates (ineliuling 
cyclostomes, selachians and ganoids) but consist of a single layer 
ol higli cylindrical ciliated cells %rith sharp cell-borders; mil.siib; 
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these a richly vascularised layer of connective tissue (that is 
directly connected vdt\\ the adipose meningeal tissue) is found. 


Anterior choroid plexus Cerebellum 



Posterior 

ehoroid 

plexus 


Basal Hypoph3-sis 
ganglions 


Pig. 2. Longitudinal section of teleostean brain, schematic. 
(From CooriN, modified.) 


The Method Used. 

It Avas decided to use T. BROMAN’sstaining-method. According to his 
experiences on mammals, Trypanblue, (an acid azo-compound of mol.- 
weight about 900) is the most suitable dye, and it Avas used without 
further inA’^estigation. 

In order to obtain a distinct colouration of the tissues two Avays have 
been tried, either to maintain a high concentration of the dyestuff in 
the blood for a reasonably short period, or to use a lower concentration 
during a correspondingly longer time. A high concentration in the 
blood can be reached only by injection directly into the vascular system, 
and in the animals here used the only practicable way is injection into 
the heart. The blood-A'olume of fishes howeA^er is A'^ery small (about 
1.0 % of the Aveight) and only a xmry limited amount of extra fluid 
is tolerated. Therefore, as Trypanblue is only sparingly soluble, several 
small injections would have to be performed, inAmlving considerable 
technical difficulties. 

A prolonged diffusion of the dye into the bloodstream is obtained by 
intraperitoneal injection. Larger amounts of liquid are tolerated in the 
peritoneal caAuty, and the disappearing fluid is easily replaced by 
renewed injection. 


Experimental Procedure. 

The experimental animals were roach (Leuciscus rutilus), bream 
(Abramis brama), perch (Perea fluAuatilis) and tench (Tinea Auilgaris) 
Aveighing from 200 — ^700 gr. They were caught in nets in the lake 
Pureso and kept in large aereated tanks -with continually renewed tap- 
AA'ater. They were not fed, as their stay in the laboratory never exceeded 
2 weeks. 
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The mjection-fluid '(\-as prepared by dissolving 2 % Tr^atibhiP in 
warm 0.7 ^ NaCl-solution. The solution obtained is snpprsatunitcd- 
fay standing for a longer period a deposit of the dye is formed, it was 
therefore alhvays filtered before use. 

The fishes to be injected directly into the blood stream, were nar- 
cotized -with urethane, (they were placed in a small aquarium containing 
a I % urethane-solution, until swimming motions had ceased). For the 
operation;, they were fixed in a special fishholder, the ventral .«ide up- 
wards, and the injection performed in the heart-ventricle. If the injec- 
tion is performed coreectly, a dark blue colour is seen to .spread im- 
mediately over the gills. This procedure requires some practice, a.s the 
position of the heart is not very favourable for this kind of operation. 
In this way about 3 cc/kg can be injected at a time; the rate of injection 
did not e.xceed 0.2 cc/min. If larger amounts are injected, the animai.s 
will not recover from the narcosis, and by the post mortem examination 
they are found to have the heart dilated. 

For the intraperitoneal injections narcosi.s is not necessary, the fisli 
is held in a wet cloth when the injection is made. In thi.s wav fi — 
cc/kg can be given wdthout seriously affecting the animal. In the best 
experiments this dose was given on two succeeding days; 12 houns 
after the second injection the animal is generally rather weak, it i.s 
killed (with urethane), and the vascular system is perfused from the 
ventral aorta with 0.7 % NaCl-solution under a pres.sure of 50—00 cm 
water. IITien the outflowing fluid is practically colourless, perfusion is 
stopped and samples of different organs taken out and placed in 4 % 
formaline. It was not found necessary to fix by injection and examine, 
the tissues immediately (as does Bkoman); the staining is fairly stable 
and microscopic examination after fixation for 24 hours was found to 
give reliable results. 

Sections for histological examination were made on a Jung freezing- 
microtome. Generally sections of 10 /z were found to give satisfaction; 
in some cases of faint staining (muscle) thick slices (200 /t) was u-sed. 

As it was nearly always found, that the loose, fatty tis.suejn the large 
(subdural) space inside the cranium was definitely coloured, .some ex- 
periments (mostly with breams) were made with injections of the dye- 
stuff directly into this cavity'. Two small holes were bored in the skull 
of the narcotized fish; one in the region of the lobi olfactorii, the other 
just above the cerebellum. In one of the holes a fine cannula wa.s in- 
serted, and very cautiously a few drop.s of dyestuff .solution wa.s in- 
jected, whereupon the holes were scaled with wax. The animal was killed 
after the lapse of 4—5 hours and the brain examined. 


Kesults. 

In all experiments with intraperitoneal or intracardial injection, 
no trace of blue colour was detected in the nervoim tissue of the 
brain. (12 successful experiments of the first, 4 of the second kind 
were made). The choroid plexuse.s, when observed, were definitely 
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blue, as was also the nearly fluid tissue of the subdural space. In 
some cases the hypophysis was examined and found to be faintly 
stained. 

The gut (especially the submucosa) and the liver were strongly 
coloured as was also the kidney tissue. Striated muscle (from the 
pectoral fins) was only stained in longlasting experiments, prob- 
ably a consequence of the poor capillarisation (Krogh, 1929). 

Small peripheral nerves (from the lateral-line organ) were 
distinctly blue, whereas the large spinal nerves were only super- 
ficially stained. 

The experiments with subdural application of Trypanblue gave 
the following results. In two cases the subdural tissue was strongly 
coloured, while the brain showed no trace of colour. In several 
experiments the brain was locally stained to a depth of about 
1 mm; it may safely be assumed, that this staining was due to 
damage done to the fragile endomeningeal tissue by the injection 


Conclusions. 

The central nervous system is also in fishes abundantly supplied 
with bloodvessels, (as was clearly seen on some sections made of 
unperfused, dye-containing brains). It may therefore from the 
preceeding description be concluded, that some obstacle to the 
penetration of the dye into the central nervous system (i. e. a 
blood-brain-barrier) is present. That the results are not due to 
insufficient concentration of Trypanblue in the blood is seen from 
the fact, that all other tissues (including peripheral nerves), were 
distinctlj’- stained. The possibility that the azo-dye might be de- 
colourized by the brain tissue has been considered by Broman 
(1940). He placed brain tissue of a cat together with a small 
amount of Trjqjanblue in Thunberg-tubes under anaerobic con- 
ditions for several hours, but did not notice any decoloration. 

The present investigation allows no conclusions regarding the 
localisation of the barrier. 


Summary. 

By paraneural injection of Trypanblue the presence of a blood- 
brain-barrier has been demonstrated in some common freshwater 
teleosts. 
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Aus dem Biologischen Institut der Carlsberg-Stiftung, Kopenhagen. 


l)er EiwcisstolTwcchsel dev Gcwelbczellen 

ill ritro. 

1. Die "Wirlvung liomologcr mid lieterologcr, durcli Pepsin 
niul Erepsin abgebaiiter Eiiveisse. 

Von 

ALBERT FISCHER. 

(Eingcgaiiecn am 11. JIni 1942.) 


J3ci Abwcsciihoit von Abbauprodukten de.s Eiweissos sind tie- 
risclic Gewobczollen nicht inistnndc, ihr Leben in cinem aus bo- 
niologein Bluteiwcis.s bcstehenden Ziiclvtungsinedium fortzu- 
sctzc'ii {Fisciihp. 1911). Wird cinem Plasmamedium, das dutch 
Dialy.sc insuffizicnt gcmaclit worden ist, cine gecigncte Mischung 
dcr wiclitigcn Aminosaurcn zugcsctzt, so bleibcn die Gewebe- 
zcllcn nicht nut am Lcbcn. sondern sic konnen sogar einiges 
Wacbstum entfalten. KochsUfte gewisser Organe, z. B. der 
Nierc, haben oine weit grossere Wirkung und konnen das insuf- 
fizientc Medium beinalie cbcnsogut wie das nicht dialysierte 
Plasma kom})lettiercn (Fischer und Astrup 1912). Der Nieren- 
kochsaft cnthiilt also Stoffc. die fiir das Leben der Zellen wich- 
tig .sind und die in dcr Aminosiiuremiscliung fehlen. Um zu ent- 
.sclieiden, ob die mehr oder wcnigor liochmolekularen Eiweiss- 
abbauproduktc fiir die gutc Komplettierungsfahigkeit des Nie- 
rcnkoclisafte.s gcgcniiber einer iMischung von reinen Amino- 
saurcn verantavortlich .sind, untersuchten wir, wie weit die Zellen 
Polypeptidcn ausnutzen konnen. Einc siclicre Methode zur Iso- 
licning etva vorliandencr Polypeptidcn aus einem Nierenkoch- 
saft odor dem Blutserum gibt es Icidcr nicht. AVir wdihlten dazu 
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das \erfaliren, dialysiertas Serum mit Pepsin zn verdauen. Hier- 
bei bekam man Miscbungen von boberen und niederen Peptiden 
die entweder keine oder docb nur geringe ^lengen von freicn 
Aminosauren entbielten, 

Nachdem festgestellt worden ist, dass die Gewebezellen Po- 
lypeptide ausnutzen, haben die Untersuchungen auch cine an- 
dere Bedeutung bekommen. Aus einer friiberen xVrbeit (Fischer 
194:1), ging bervor, dass die Atninosauremischungen nur dann 
giinstig wirk-ten, wenn die einzelncn Sauren des Gemischos in 
den gleicben einfacben ganzzabligen Verbaltnissen zu einandcr 
steben, wie sie im Fibrin enthalten sind (Bergmanx iind Kie- 
HAXTN 1936). Die Wirkung blieb vollig aus, odor war luichsten.s 
sebr gering, wenn das Gemisch aus gleicben Gewichtsmengon 
sanitlicher Sauren bestand. Diese Untersuchungen gabon zu der 
Annahme Anlass, dass dcr Organismus wabrend des Fastens 
nicht nur eine stets gleicbe Konzentration des Aminosaiirc- 
spiegels aufrecht zu halten suebt, sondern auch ein ganz bc- 
stimmtes Verhaltnis der Aminosauren untereinandcr, das fiir 
jede einzelne Tierart cbarakteristisch ware. 

Eine enveiterte Kenntnis %'om Eiweisstoffwechsel der Gowebe- 
zellen wurde von allgenieiner ph 5 'siologischer Bedeutung .scin 
und konnte mbglicberweise einen Einblick in den Konfigura- 
tionsunterschied analoger Eiweisse verschiedencr Ticrarten er- 
dffnen. Es liegt nalie, zu untersuchen, ob ein beliebiger Gewehe- 
zelltyp einer und derselben Tierart in glcichein Ausmasse Po- 
lypeptide, d. h. dutch Pepsin verdaute Sera artfremder Ticrc, 
ausnutzen kann. Ebenso wichtig wiirde es sein, zu erfnhren, ob 
Polypeptide aus artfremdem Eiweiss in gleicbem Au.smass von 
samtlicben Gcwebezclltypcn einer Tierart ausgenutzt werden. 
Derartige Untersuchungen wiirden gleicbzcitig Auskunft. tlar- 
iiber geben. ob griindsatzliche Untenscliicdc im Eiweisstoff- 
wechsel verschiedencr Zclltypen bestchen. In qualitativrr Hin- 
sicht sind die Aminosauren, die in analoge Eiweisse. z. B. Fi- 
brin, verschiedencr Ticrarten eingebaut sind, wohl die gleicben. 
Eine entscheidende Kolle spielt dagegen die Art und ^Veise, wie 
die cinzelnen Sauren sich in der Peptidkette pcriodi.sch wiedcr- 
holen und auf diese Weise gewisserma.sson ein Muster i>i!dcn. 

Im folgenden werden Vergleiclisuntensucliungen iiher d>e 
kompletticrende Wirkung pepsin- und crepsinverdautor (Haly- 
sierter homologer und hetcrologer Eiwei.«.sc auf da.s insuffizicntc 
Ziichtungsmedium bescliricben. 
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1 , 

Technik. 


In einer vorliergehenden Arbeit (Fischer 1941) ist die Technik fur 
die Durchfiihrung einer aseptischen Di&lyse von Blutplasma und Se- 
rum ausfiihrlich beschrieben worden. Spiiter haben Untersuchungen, 
(Fischer und Astrup 1942) ergeben, dass es erforderlich war, eine 
weitergehende Dialyse auszufuhren, Gegenwartig lassen wir die Dia- 
lyse in zwei Phasen vor sich gehen. 

20 ml Heparin-Plasma bzw. Serum werden in der Kalte 4 Tage ge- 
gen 1.5 1 Glukose-Ringer dialysiert. Hiernach wird die Membran mit 
dem Inhalt in einen neuen Kolben mit 1.5 1 Glukose-Ringer iiber- 
tragen, wo sic weitcro 4 Tage steht. Dadurch wird die Verdunnung 
der dialysierbarcn Stoffc auf 1/5625 (gegen die friihere von 1/75) ge- 
bracht, was ausreichend ist, um eine Fortsetzung des Lebens der Zel- 
len in diescni Medium auszuschlicssen. Nach bcendigter Dialyse wird, 
des Bikarbonats wegen, gcwohnlich 25 % Tyrodelosung der Eiweiss- 
losung zugesetzt. 

Um der Gerinnung des Hiihnerplasmas in der Membran vorzubeu- 
gen, wurde wie fruher 2 ml 0.5 pro mille Heparin (Aktivitiit K = 1.4, 
Astrup (1938)) zugefUgt. In einigen Fallen haben wir, um den Zusatz 
dieses fremden Stoffes zu vermciden, das Plasma gegen eine kalzium- 
freie Glukose-Ringer dialysiert. Dieses Verfahren hat u. a. den Vor- 
teil, dass die Gerinnung mit dem dialysierten Gewebeextrakt nach 
der Rekalzifizierung sehr viel schneller vor sich geht als mit Heparin. 

Ftir die Versuche wurden wie fruher periostale Fibroblasten aus 
dem Os frontale des 14tagigen HUhnerembryos benutzt. Ausserdem 
sind Fibroblasten aus Herz und Leber des HUhnerembryos in der 
7. — 20. Passage verwandt worden. Die Kulturen fiir die Versuche 
wurden aus zwei-, seltener aus dreitagigen Deckglaskulturen gewahlt. 

Die eine Halfte einer Kultur dientc als Kontrolle der andern. Tag- 
lich wurden die Umrisse der Kulturen bei 19facher linearer Vergros- 
serung aufgezcichnct und mit dem Planimetcr gemessen. Gleichzeitig 
\vurdc Eorgfnltig mikroskopiert und die Ergebnisse auf die entsprech- 
ende Urarisszeichnung eingetragen. Die Auswertung der Flachenaus- 


breitung (Wachstum) wurde nach der Formel 



vorgenommen. 


wobei A die Fliichc der Kontroll- bzw. Experimentkultur beim Ver- 
suchsbeginn, B die Flache nach Ablauf einer bestimmten Zeit ist. 

Die Versuche wurden in folgender Weise ausgefUhrt: 0.5 ml zwei- 
fach dialysicrtes Plasma, das zu 25 % Tyrodelosung enthielt, wird 
in die CARREL-Flaschen eingebracht; l.o ml Ringerlosung wird zuge- 
setzt. Wahrend das Medium noch flUssig ist, wird O.i ml der Losung 
mit den betreffenden Stoffen, deren Wirkung untersucht werden soil, 
hinzugegeben. Die Erfahrungen haben uns gelehrt, dass der Aus- 
glcich der betreffenden Stoffe zwischen flussiger und fester Phase des 
Mediums eine gewisse Zeit in Anspruch nimmt. Wird deshalb nicht 
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sofort ctwas davon dem Plasmaincdiuin Jcann ec 

.sciiehon, dass das Gewebestiick zu Grunde gebt, lipvor ein AHstau.^b 
stattgefundcn hat. Hicrnach wird ein Tropfon dial^-sierfor Einbrvo- 
nale.xtrakt zugefugt und das Gewcbestiick in die FJnschp eincobradr 
Die Flaschen bleibcn abgestellt, bis die Gerinnung dc.s PJasnms statt- 
gefunden hat. "Wenn dies cingetretcn ist, wirtro.a ml dialvsierJcs 
-Huhnerserum dem Gerinnsel ubcrscdiichtet, und dazu wjrd 0,2 in! 
derselben Lbsung des fur die Untersiichung in Frage komincndon Stof- 
fes beigcgeben. Man muss .sorgfnltig dara'uf achten, da.'ss die fliissiee 
Pha.sc die ganzc Plasinaoberfliichc vollstiindig benetzt. Die Flaschen 
iverden in gewohnlichcr Weise mit cincni Gnmtnihiitdien zugeinacht. 
Die Urarissc der Geweb-stiickc werden aufgezeichnet und die Knltureii 
in den Brutschrank bci 39° gesetzt. Allc 3 — Tnge vdrd das flu.^ige 
Nahrmedium abge^augt. Die Kulturcn werdch 10—15 Miniiten mit 
T>Todel6sung, die vorher init ciner Gasmi.scliung von 80 % 0.. 8 % 
CO. und 12 % N. durcliliiftet ist, gcwaschen. Hierdurch wird die Ty- 
rode auf etma pH 7 eingcstellfc und gleichzcitig mit geniigend 0 , ge- 
sattigt. Nach Ab.saugung der Wasclifliissigkeit wird winder O.s ml 
dialysiertes Serum und die gleichc Mcnge der in Frage stehenden Stoffc 
hinzugefiigt. Als Sicherung gegen Zufiilligkeitcn mirdcn mehrere Yer- 
suche und Kontrollcn zu gleicher Zeit ausgefiihrt, 

Um mit Pepsin und Erepsin Abbauprodukte der ProteinlOsungon 
darzustellcn, sind wir in folgcndcr Weise vorgegangen; Die verwen- 
deten Sera wurden allc frisch hergcstellt, durch einen Scitzfiltcr stcril- 
filtricrt und schlicsslich stcril dialvsiert. 20 ml dialy.siertos Scrum 
wurden mit destilliertcm Was.scr bis 50 ml aufgefiillt und mit IICl bis 
pH 3 saner gomacht. 100 mg kaufliches Pcp.sin (Aktivitiit 1 — 3,000) 
wurden 24 Stunden in saurer Losung dialysiert, um dadurch das Hin- 
eingeraten ctwaiger Abbauprodukte bci den Versuchen zu verhindern. 
Vorher wurdc zur Sicherheit fc.stgc.stcl!t, dass das Pepsin nach dcr 
Dialyse seine voile Aktivitiit bchalten hat. Die Vcrdaiiung ging unler 
Zusatz von ein wenig Chloroform bci 38° 21 Stunden lang vor sich. 
Darauf wurdc die Lbsung neutralisiert, gckocht, filtricrt und schlioss- 
licli im Autoklavcn stcrilisicrt. Einc Probe fur die K-Bestimmung 
wurdc entnommen und die Lbsung auf cine pas-sendo Konzentration 
die fiir siimtlichc Lasungen glcich war, cingcstcllt. Kontrollen mit 
Pepsin allcin wurden cbenfalls hergcstellt. 

Fiir den weitcren Abbau mit Erepsin wurdc ciu Toil des vorher nut 
Pepsin abgebauten Eiweissc.s entnommen. Das Ercp.siu wurdc ganz 
wic das Pepsin 24 Stunden Inng vorher dialysiert; es hehiclt glcich' 
falls .seine voile Wirkung nach der Dialt'se. 

1 g Erepsin (Schuchardt) wurdc in 20 ml phy.siol. Koch.'ialz geJad. 
Hiervon wurdc 1.5 ml (entspr. etwa 75 mg Enzyin) zu 25 ml pepsin- 
verdautem Dialysc.scniin, da,s mit NaOIl .scliwaoh alkali.sch ** 

war, zugesetzt. Mit ein wenig Chloroform wurdc die Lb.sijng -18 htim- 
den i)ei 38° abgestellt. Als Kontrollc fiir das Enzym wurdc cum cut- 
sprechende Lbsung von dialy.«icrtcm Pepsin in Wasscr untcr Hmzu- 
fbgung dc.s Brepsins ebcnfalls bci 38° verdant. Die Mengenvorhnlt- 
nis.«c wnren die glcichcn wie bci dcr lerdaming der Iroteine. 
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Als Beispiel fur den Umfang des Abbaus durch Erepsin fuhren wir 
die folgcndcn Vcnsucbe an; 

Hiihncrscntm (13/12) Total-N (Kjeldahl) = l.or, mg N/ml. Amino-N 
vor der Yerdauung init Erepsin = O.iai mg N/ml; nacli Abbaii rait 
Erepsin = O.coi mg N/ml. Amino-N der Erepsinldsung allein = O.ioc 
mg N/ml. 

Ochsenscrum (2028 P) Total-N (Kjeldahl) = Lee mg N/ml. Amino- 
N vor dem Abbau rait Erepsin = 0.203 mg/ml; nach Erepsin = 0.034 
rag N/inl. Amino-N der Erepsinlosung allein = O.ioc mg N/ml. 

Die Priiparate, die fiir die Versiichc verwendet ivurden, haben die 
Konzent ration von 70 und 35 mg% N, d. h. die Konzentration war, 
auf das Zuohtungsmedium umgcrcchnet, 7 bzw. S.s mg% N. 


2 

Expcrimcntelle.s. 

Schou friiher ist gezeigt worden (Fischer 1911), dass Gewebe- 
zcllen in dialj’sicrtcm Blutplasma und Serum sehr scKnell cin- 
gehen, jcdocli bci Zusatz geringer Mengen eines durcli Trypsin 
abgcbauten Hiihncr.scrums am Lebon bleiben. Diese Tatsaclien 
goben nns zwei ivichtige Auskiiiifte; 1.) Die Gewcbezellen sind 
niclit imstande, jedenfnlls niclit unmittelbar, die Eiweisse im 
Medium 7M zcrlogen; 2.) die Eiwcissabbauprodukte spielen eine 
cntschcidcnde Rolle fiir den Stoffweclisel dor Zellcn. Hierbei 
mus.s jedocli .stets im Augc bclialten werden, dass die mit Tryp- 
.sin abgebautcn Eiweisse keine einheitliclien Produkte sondern 
ein Gemiscli von Aniino.sauren und Peptiden bilden. 

Wird ein dialy.siertes Hiilinerserum, das durch Pepsin abge- 
baut ist. (89.2) don Kulturen zugesetzt, so fnngen die Zellen zu 
wachsen an, bisweilcn ebenso gut wie in eincm nicht dialysier- 
ten Medium. Das Wachstum kann recht anschnliche Grossen 
crreichen, hort aber meistens wieder auf, wiihrend die Zellen 
noch lange Zeit am Lcben bleiben und in morphologischor Hin- 
sicht alle Zeichen von gesunden Zustand aufweiseu (36G1). Ver- 
glichen mit der IVirkung von Gemischen aus reinen Aminosiiuren 
ist die Wirkung dor durch Pepsin abgcbauten Eiweisse weit 
grosser. Setzt man ausserdem den Kulturen dialysierten Em- 
bryonalextrakt hinzu, so konnen sic ganz anschnliche Grossen 
crreichen (3845 — 50). Fig. 1 gibt die Waclistumskurve eines 
solchcn Versuches an. Eine glciche wachstumsfordernde Wirkung 
besass auch ein aus Kalbsembryonen isoliertes Nukleoproteid, 
(Fischer 1941). 
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Jfati ersieKt also daraus, dass die hocKmolekuIaren Polypeptide, 
aus irgendeinem Grunde in starkerem Umfang al.s eine I^fi-schung 
der wichtigen Aminosauren von den Gcwebczellcn aii.<?gcniit?.t 
warden konnen. Das kommt auch zuni Au.sdruck, wenn pepsin- 
abgebautes Eiweiss weiter niit Erepsin abgebaut wird. Als Bei- 
spiel konnen wir folgenden Versuch angeben; Huhnerserum 
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(13/12) wurde zunachst mit Pepsin verdant. Nact dem Kochen 
und Piltrieren vrurde ein Teil hiervon mit Erepsin abgebant. 
Den Kontrollkulturen vmrde mit Pepsin, den Experimentkul- 
turen mit Erepsin abgebautes Serum zugesetzt. Der Gebalt der 
Produkte in den Kulturen betrug 7 mg% N auf das ganze Me- 
dium umgerecbnet. Die Versuche zeigten eindeutig ein viel gros- 
seres Wachstum in den Kontrollen als in den Experimentkul- 
turen mit den niedrigen Abbauprodukten. Das Wachstum fing 
gleich kraftig in den beiden Kulturhalften an. Wahrend die Zel- 
len der Kontrollkulturen ^ 
klar und von gesundem .3 _ 

Ausselien blieben, wur- < - / . /a 

den die Zellen mit - j ■ 

den niederen Produkten 5 t - z 

recht bald stark vakuo- s - 

lisiert und gingen unter ^ - / ■ e 

Zerfall schnell ein (4205), ■ 

Fig. 2. ^ ^ 

Diese Versuche zeigen ‘ / 

deutlich, dass die Zellen ^ ° ^ 

besser die grosseren als 

° TT . ' ’ ' ' ' ' ' ' ' — ' 

die klemeren Eiweiss- o z t/ e s -m 

spaltstiicke ausnutzen. ieitmTagen. 

Gegen diese Versuche Fig- 2. (4205) Wachstumskurven zweier Kultur- 
, . , . • -u ■ J halften von pcriostalen Fibroblasten in cinem 

kann nicht, vie beiden dialysierten Zuchtungsmedium. x - - ~X niit 


6 S -IS 
2eit in lagen ■ 


Untersuchungen mit rei- Zusatz von pepsinverdautera homologen, dialy- 

.... , siertem Serum. O O mit Zusatz von Pepsin- 

nen Aminosauren, der Erepsin-verdautem homologen Serum. 

Eimvand erhoben wer- 

den, dass eine oder mehrere der wichtigen Sauren fehlen konnten, 
denn es muss vorausgesetzt werden, dass den Serumehveissen 
samtliche wichtigen Aminosauren eingebaut sind. 

Vergleichende Untersuchungen sind auch iiber die Wirkung 
einer Reihe homologer und heterologer Eiweisse, die mit Pepsin 
und Pepsin-Erepsin abgebaut w*aren, angestellt worden. Es 
waren das: Dialysiertes Serum von Huhn, Schwein, Ochse, Ka- 
ninchen und Mensch; Ochsenfibrin (durch Defibrinierung von 
frischem rekalzifizierten Oxalatblut hergestellt); Eialbumin (6 mal 
umkristallisiert); Kasein (Hammarsten); Gelatine, Edestin und 
Gliadin. 


Eine Versuchsreihe (3787) mit pepsinverdautem Serum von 
Huhn, Schwein, Kaninchen, Ochse und Mensch (7 mg% N im 
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Medium) ergab folgendes: 23 Kiiltiircn mit pep.duvordaiu.Mu 
Hulmerserum (2028 P) zeigt^n doutliches Wachsium, al{onlin<r< 
kem besonders grosses, wihrend die Prcdukte der iibrigon Som 
garkeine oder niir bedeutend geringcre Wirkung als die dos ho- 
mologen Serums zeigten. In einer anderen Versuchsrcihe (39ir,) 
mit pepsinverdautem Dialyseserum von Hufm, Ochse und Sehwein 
(2029 P) waren nur die Abbauprodukte dos homologen Hulmer- 
serums wirksam. Die iibrigen Yersuchc fielen vollig negativ aus. 

Bei '\ ersuchen (4117) mit Pniparaten aus Serum von Ilnhn. 
Schwein, Ochse (2029 P), Huhn (13/12), Kaninchen (2028 P), 
Kaninchenimmunserum (2031 P), Ochse und Meriseii (202S P) 
zeigt^m sich ebenfalls nur Wirkung von Serum aus Huiui und 
besonders gut aus Huhn (13/12); alle iibrigen Produkte ^varon 
entweder ganz -wirkurigslos oder von nur schwacher und kurz- 
dauernder Wirkung. 

Priiparate aus Ochsenfibrin waren bisweilen zicmiich akiiv 
(4425). Die Produkte aus den iibrigen hctcrologen Seren zcigien 
ab und zii eine geringe komplettierende AVirkung, die abcr nie 
auf die .Hohe der entsprechenden Produkte aus dem honioiogcn 
Serum kam. Wurde ausserdem dialysierter Embryonalcxtrakt 
den samtlichen Kulturen zugegeben, so zeigten bcinaiio alle Jvul- 
turen mit Produkten dcr heterologen Sera etwas Wachstuin. 
Das relative Verhalten der verschiedenen Produkte blieb aber 
dasselbe wie vorher, Mit Produkten aus dem homologen Senim 
^^'u^dc ein .sehr grosses AA'achstum errcicht, dagegen nur ein gc- 
ringes und kurzdauerndes mit denen der heterologen Sera (‘1001; 
4033; 4061—92). 

Um sichcrzustellen, dass die benutzten Enzvmo keinorlei Au- 
teil an den A^ersuchsergebnissen hatten, v'urden Kontrolhintor- 
suchungen liber die komplettierende AA'irkung der Enzyme un- 
ternommen. Dialpiertes Pepsin wurde in physiol. Koelisalz des- 
selben Aziditatgrades wic im A'^ordauungsversuch geldst und 24 
Stunden bei 38° bebriitet. Ebenso wurde dialyi^iortes Erepsin 
in phpiol. Kochsalz bei schwach basischer Kcaktion golost. und 
weiter umrde Erepsin zu einer 24 Stunden lang bebriiteten Pep- 
sinlosung nach Ivochcn und Neutralisation Jiinzugc,sf‘tzf. Alle 
Losungen wurden glcich lange Zeit boi 38° bebriitet, wie beiiii 
Yersudi uber Abbau dcr Eiwei.sse. Kelne dor Enzymlosungen 
war imstande, cine nennenswerte AAb'rkung nuf die Zellen auszu- 
iiben (4383, 4483, 4493). 

Ausser den erwahnten homologen nnd heterologen Scren wur- 
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den die Abbauprodukte einiger Eiweisse anderer Art untersncbt. 
Hier zeigten sick ebenfalls Unterschiede in Bezug auf die Fahig- 
keit der Gewebezellen, die Produkte anszunutzen. Unter den 
v-irksamsten der durcli Pepsin abgebauten Eiweisse waren Eial- 
bumin (4427), Edestin (44G3) nnd zum Teil Gliadin (4433). Die 
irknng des Produktes aus Kasein war ziemlicli gering, ganz 
wirknngslos war Gelatine, das ja an sick ein sekr unvollstaudiges 
Eiweiss ist, weil ikm ganz die Sauren Valin, Tyrosin, Trypto- 
pkan nnd iMetkionin feklcn. 

Werden die pepsinabgebanten Eiweisse weiter mit Erepsin bis 
zu Aniinosanren verdant, so r’ersekieben sicli die Verkaltnisse 
ctwas in der Ricktung kin, dass die Produkte durckgekends wirk- 
sanier werden. 

Ein Obcrblick iiber die Vcrsucksergebnisse (Tabelle 1) zeigt 
dcutlick. dass ganz erkcblicke Untersekiede in der grosseren oder 


Tnbollc 1. 
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A 
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geringeren Wirkting dor Eiweisspaltstucke auf dio Aufrechter- 
haltung von Leben und 'Wachstum dor GewebczelJen in den 
insuffizientcn Medien bestehen, — Unterschicde, die in keincr 
Weise eiuem Mangel an notwendigen Eiweissbanstoinen zucc- 
schrieben werden konnen sondern aus andoren Ursachen ab- 
zuleiten sind. 

Mahrend die Wirkung des pepsinverdauten Kaseins {Kasein 
P) im allgemeinen sehr gering ist, ervies sicb das mit Ercpsin 
abgebaute Kasein (Kasein E) als sehr aktiv (4317). Ede.stin E. 
das sicb ebenso verhiclt, ist bedeutend starker aktiv als das Ede- 
stin P (4351). Was das Eialbumin betrifft, varen beidc Praparatc 
(Eialbumin P und E) beinahe gleich \drksam. Die Wirkung de.s 
Gliadin E erwies sich als grosser als die des Gliadin P (4435). 
Das pepsinverdaute Ochsenserum war, vie erwiihnt, ganz un- 
%virksam, wurde aber nach veiterem Abbati durch Erepsin dcut- 
lichj obgleich recht schvach, virksam (4409). Gelatine P sowoli! 
vie Gelatine E varen beide unvirksam' (4451). Die Abbaiipro- 
dukte des homologen Hiihnerserums verhiclten sich unigekehrt, 
indem das Hiilinerserum P bedeutend virksamcr var als Huhnor* 
serum E. 

In der tibersichtstabellc 1 vird versucht, die Ergobnis.sc dor 
Untersuchungen zusammenzustellen. Lcider ist es noch nicht 
moglich, die Versuchsergebnissc in absohiten Zahlen anzugeben, 
da es sich um ein grosses, buntes Material von individuoll vcr- 
schiedenen Kultureinheiten handelt. Die Zahlenverte gcben als 
Querschnitt durch samtliche Versuche ein recht gctreues Bild 
der virklichen Verhaltnisse. Zusammenfassend kann man sngen, 
dass die Zellen im allgemeinen die hoheren Abbaiiprodtthc dcx 
homologen Euveisses besser aU die niedercn ausnuizen. Hinsicht- 
lich der- Abbauprodukte der heterologen Eiweisse ist es im nllgo- 
meinen umgekehrt, indem die niederen Spaltstiicke bcsscr als die 
hoheren ausgemitzt werden, Diese Ergcbnisse zeigen deutlich, das.s 
der Artunteiscbied der Eiweisse sich auch in der Wirkung ihrcr 
niederen Abbauprodukte auf die Gcvebezellen geltcnd macht. 

Auch in morphologischer Beziehung macht sich der Untcr- 
schied zvischen den hoheren und den niederen Spaltstiicken der 
Eiweisse bemerkbar. Die Gcvebezellen in siimtlichen pepsmvcr- 
dauten heterologen Eiveisseii zeigen ein Ijesondcrs charakteri- 
stisches Bild. Das Protoplasma der Zellen zorficl in grosscrc oder 
kleinere Stiickchen, die oval oder krei.srund crschienen. Da.s Pro- 
toplasma blieb ganz glasklar mit einor cinzelnen gro.^scren odor 
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kleineren Vakuole, Fig. 3. Das Bild ist dem sehr ahnlich., das wir 
friilier bcobachtet haben, wenn die Zellen in einem sebr unvoll- 
standigen Gemisch von Aminostiureu, oder nur mit Cystin allein, 
lebton. Die mit Erepsin abgebauten lieterologen Euveisse zeigten 



I'l'c. 3. (liOT) PcrioJtjvIo Filirolilnstcn, Icbcml photogrnphiert. (Vergr. 1 : 144). 
Mit jH’iiSiinvcrdaiitfm Moiischonpcnmi. 



i- ' ,.r 


Fig. 4. (427 r.) I’criostnlc Pil)robIn.';tcn, Icbend photographiert. (Yergr. 1 : 144). 
Mit Pejisin-Erepsin-verdantein Scinvcincscrum. 

.sfirafclicb pin andcrcs Bild (Fig. 4). Die Zsllen batten ilire schlanke 
Spindelform behalton, zeigten aktive Psoudopodien, und das Pro- 
toplasma war moistens fein granuliert. Diese morpbologiscben 
Eigentumlicbkeiten feblten vollig in 'pepsinverdautem homologen 
Serum. Dieses cbarakteri.sti.sche Bild dentet sebr darauf bin, dass 
1,0 — ^/22I['5. Acta phi/s. Scaiidinat. Pol. 4. 
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die Zellen unter einem Mangel an wichtigen Eiweissbausteincn 
leiden, die fiir die Synthese des Cytoplasniaeiweisses -n-ichti" 
Bind. 

3 . 

Nachdem erkannt worden war, dass periostale Eibroblastcii 
recht betriichtliche Unterschiede zeigen in Betnig axif ibre Faliig- 
keit, pepsinverdaute Ixomologe und lieterologe Eiweisse zu vcr- 
werten, xvar es nabeliegend, festzustellen, ob aucli andere Gc- 
webezelltypen einer und derselben Tierart in glcicher Wciso rea- 
gieren. Es bestelit eine gexrisse 'Wahrschcinlicbkoifc dafiir, dass, 
so wie es struktnrelle Unterschiede zwischen analogcn Eiweisseu 
verschiedener Tierarten gibt, auch Unterschiede im Ban der Ei- 
weisse vorhanden sind, aus denen die verschicdencn Gexvcbc- 
zellty^pen derselben Tierart bestehen. Die Unterschiede in den 
Eivreissen der einzelnen Tierarten sind derartig gross, dosss sie 
sich immunologisch feststellen lassen. Dagegen sind die Unter- 
schiede im Bauplan des Eiweisses verschiedener Zelltypcn in- 
nerhalb derselben Tierart zu gering, um sich immunochcmisch 
sicher nachweisen zu lassen, 

1st das Cy’toplasma verschiedener Zelltypcn einer Tierart nicht 
nach einem und demselben Muster axifgebaut, so diirftc das auch 
in der Wirkung ihrer synthetisierenden Enzyme zum Ausdruck 
kommen. i\Ian xviirde dann xvohl, wenn iiberhaupt, chcr mit 
Hilfe der hbheren Abbauproduktc, statt mit Mischungen von 
Aminosauren, derartige Unterschiede im Eiu'eisstoffwcchscI nor* 
maler und maligner Gewebezellen derselben Tierart nachweisen 
konnen. Zum Aufbau der Eixveisskorpei der Zellen dienon sumt- 
liche notwendigen Aminosauren. Ua es aber schliesslich auf den 
strukturellen Aufbau der Peptidkette ankoramt und nicht auf 
die qualitative Zusamraensetzung, m’rd man durch Variation in 
der Zusammensetzung der Aminosauremischung nicht v'citcr 
kommen. Deshalb haben xvir zunachst mit Untersuchungen iiber 
die Fahigkeit der Zellen, artfremde Peptide zu venverton, be- 
gonnen, 

Einige Tastversuche sind ausserdem mit Fibroblasten aus Ia;- 
ber- und Herzgewebe von Huhnerembryonen au.sgefiihrt worden. 
Zunachst vmrden diejenigen pepsinverdauton Eiweissc, die die 
grossten Unterschiede in der "Wirkung auf die periostalen Fibro- 
blasten aufudesen, untcrsucht, nfimlich Serum von Huhn, Ochse, 
Schwein; Ochsenfibrin, Eialbumin und Edc.stin. 
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Tal)elle 2. 


Art dcs Eiweisses 

Nr 

Absolute Znnabme der 
Wachstumsflache 



Herzfibro- 

blasten 

Leberfibro- 

blasten 

Hflhncrseram 

4443 

4449 

16.7 

12.0 

Ochsensernm 

4444 

4450 

9.0 

lO.O 

Scbweincsernm 

4614 

4626 

2.6 

2.2 

‘ Ocbsenfibrin 

4621 

4631 

5.9 

0.7 

' Eialbnmin 

454S 

4564 

1.4 

2.8 

Edcstin 

4551 

6.3 

— 


Tahellc 2 gibt cine tibersicht hieruber. 

"Walurend die periostalcn Fibroblasten mit pepsinverdautem 
Ochsenscruni nicht wachseu konnen, gab es in cinigem Grade 
"Waclistunx bei Herzfibroblasten (4613). Leberfibroblasten besassen 
diesG Fuliigkeit beinalie in gleichem Umfang wic periostale Fibro- 


bla.sten in liomologen 
Pxodukten (4449), Fig. 
5. Die Produkte de.s 
Schveinoscrums, die anf 
periostale Fibroblasten 
so gut vie unvurksam 
varen, crwicscn sicli als 
einigermassen aktiv auf 
Herz- und etwas veuiger 
auf Leberfibroblasten. 
Dasselbe gilt auck fur 
Ocliscufibrin. Fiir die 
Aufstellung in der Tabel- 
le 2 gilt dasselbe vie fiir 
Tabelle 1, namlich dass 
die Zablenverre nur ei- 
nen Durcliscknittsaus- 
druck fiir das ganze Ver- 
sucbsmaterial darstellen. 



o z ft s /o 


2eit in Tagen. 

Fi". 5. (-1449) WnchsUimskurvcn zveier Kultur- 
h&Klcn. von Fibroblasten aus I^cbor in cinem 

(linlysiertcn Ziichtungsmedium. x X mit 

Zusals von pepsinverdautem homologcn Hiihner- 

scrtim; O O mit Zusatz von pepsinverdautem 

hctcrologcn Ochsenserum. 
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4. 

JJesprechung:. 

Fur die Untersiicluinpon iiber die WirJeung hdiicrcr Eiweissab. 
))auprodukte wurden dia}y.dertc Eiwoisse, die mit Pep-sin ver- 
dant waren, verwciidet. Es i.st friiher iiu allgeineiiieii augenoni- 
men -worden, da.s.s hierbei keinc freicn Aminosauren enfstelicu. 
Inzwischen ist vou verscliiedeijcn >Seitcn angogeben. das.s dock 
gcringe Mengen von Aminosjinren iiacJigewicscJi werden konn- 
ten (Felix 1925, FTorthrop 1930. Calvery und Scuock 1930, 
Ltebex und Libber 1934). Abdebbaldek (1941) ist jetzt auck 
der Meinung, dass ganz gcringe Aminosaureniengen bei iiber iange 
Zeit ausgedelmter Verdauung ini Eeagenzglnsver.sucli enfstohen 
konnen. Bei unseren Ycrsuclicn ging die Verdauung 24 Stunden 
Jang vor sicli, was ivold kaum als besonders Jangc Dauer zu bc- 
zcichnen ist, so dass cs scliwcrlich zur Bildung grosscror JMcngeJi 
kommen konntc. Die Verdauung land bei pH 3 stalt, um zu 
verbindern, dass durcli Siiurc ein zu iveitgehendcr Abbau be- 
wirJet ivird. 

Eine Losung von Jiolieren und nicdcren Polypcjitidcn aus ko- 
mologcm dialysiertcn HiUincrscrum liebt den jirangelzustand dc-s 
dialysierten Ziiclitungsmediums beinahe vollkomnicn auf. Die 
Geis'ebezellen bleiben am Leben und konnen aucli bedcutendc.s 
Wachstum cntfaltcn, das dem im Nicrenkoclisaft (Fischer und 
Astrup 1942) an Gr6.ssc niclit nachstelit und sogar die Wirkung 
cines vollstandigen aus reinen Aniinosiiuren bestclionden Ge- 
mischc.s ubertrifft. Es ist deslialb als selir ivaJirsclicinlicli auzu- 
nelimen, dass der Niorenkoclisaft Polypeptide enthiilt. Die Frage, 
ob solche aucli in der Blutbahn unter normnlen VerkiiUnis.sen 
vorkommen, ist schon seit Jangem diskutiert worden. Abdeu- 
iialden (1931) liielt das Vorhandonscin von Eiweissbausteinen, 
die cine Biuretreaktion geben, in der Blutbakn fiir atisgc-scklos' 
sen. In der neuesten Zeit sind inelirere Untcrsuclumgcn iiber diese 
Frage ausgefiihrt worden, aus denen lierv’orgelit, dass Polypep- 
tide doch einen normalen Bestandteil dcs Blutcs bilden (Crtstol 
und Fourcade 1939, Godfried 1039). Der letztgenannte Vor- 
fasscr gibt an; dass sie unter normalen Verhultnisscn in einer 
Menge, die etwa 7 ing% N entspricht, vorkommen. 

Die Untersuchungen Iiaben gezeigt, da.ss Gewebezcllcii. die 
niclit gcnuincs Eiweiss abbauen konnen (ob sie dnzu imstande 
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sind, -wenn niedere Bausteine anwesend sind, ist noch, unbekannt), 
doch die melir oder weniger hochmolekularen Abbauprodukte 
zu verwerten vermogen. Ob die Zellen sie obne vorbergehenden 
Abbau in sich anfnebmen, oder ob sie zunacbst abbauen, nm 
sie dann wieder anfzubauen, wissen wir nocb nicbt. Aller "Wabr- 
scbeinlicbkeit nacb ist jeder der beiden Vorgange moglicb. Die 
prompte Wirkung der bomologen Abbauprodukte spricbt fur 
den ersten Weg, die scblecbte Wirkung und die lange Wacbs- 
tumslatenzzeit fiir den zwaiten. 

Die kleinen Eiiveisspalt-stucke sind meistens weit weniger vdrk- 
sam als die grosseren, besonders venn es sicb um bomologe Pro- 
dukte bandelt. Das durcb Trypsin abgebaute bomologe Dia- 
lyseserum erwies sicb aucb als recbt wenig wirksam (Fischer 
1941). Das Gleiche ging aucb aus den Versucben von Baker 
und Carrel (1928) bervor. Wie bekannt baben diese Verfasser 
beobacbtet, dass die sogenannten Proteosen eine bedeutende 
wacbstumsfordernde Wirkung auf die Gewebezellen ausiiben. Die 
Untersucbungen "wurden aber auf friscben, nicbt-dialysierten 
Medien unternommen, und auf diesen iibten die Proteosen eine 
weitere Erbobung des aucb obne sie von selber stattfindenden 
Wacbstums aus. Die Verbaltnisse bei den Untersucbungen von 
Carrel und Baker vraren also ganz andere als bei unseren eige- 
nen. Aucb die beiden eben genannten Verfasser geben iibrigens 
an (1928), dass die wacbstumsfordernde Wirkung bedeutend ge- 
ringer wird, -svenn die Produkte weiter abgebaut werden. Das- 
selbe baben vrir bei unseren Versucben also aucb beobacbtet, 
Venn wir den weiteren Abbau mit Erepsin vornabmen. Die 
Wirkungsweise der Proteosen bei Carrel und Baker ist durcb 
unsere jetzige Kenntnis von der Bedeutung der grosseren Eiweiss- 
spaltstiicke fiir den Stoffwecbsel der GeWebezellen aufgeklart. 

Wir baben offer beobacbtet, dass die boberen Abbauprodukte 
kein starkeres Wacbstum der Zellen hervorrufen. Wird aber 
dialysierter Embryonalextrakt, der selber obne jeden komplet- 
tierenden Einfluss auf dass mangelbafte Medium ist, den homo- 
logen Produkten zugegeben, so wird das Wacbstum dadurcb ganz 
ausserordentlicb bescbleunigt, ja, es kann sogar ein geringes 
Wacbstum der Zellen bei sonst relativ unwirksamen Abbaupro- 
dukten der Jieterologen Eiweisse erfolgen. 

Welcbe Eolle die wirksamen Stoffe des Embryonalextraktes 
bei dieser Reaktion spielen, wissen wir nocb nicbt. Ob bierbei 
Stoffe des Embryonalextraktes die Enzyme an der Oberflacbe 
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der Zellen in irgend einer Weise akti\'icren, oder ob Enzvme. iin 
Extrakt an der Oberflache der Zellen verankert werdoii, Ifet 
sick nock nickt ganz cntsckeidcn. Borger und Peters ( 1933 ) 
kaben Polypeptidase und Dipeptidase in frischem Embryon.<ii- 
extrakt nackgewiesen. Nackdem -^vir geseken kaben, dass oin 
■wackstumsforderndes Nuldeoprotcid, das aus Knibscmbryonak 
extrakt isoliert 'mirde (Fischer 19il), dieselbe Wirkung bc.?ass. 
muss eker vermutet Tverden, dass die Embryonalcxtraktwirkiinji 
auf einer Aktmerung gewisser Enzymsystome in der Zolle selbsl 
berukt. In dieser Annahme werden nir nock bcstarkt, da Linder- 
strdm-Lang, der freundlickst die entspreckenden Uiitcrsuck- 
ungen fiir uns anstellte, -vveder Dipeptidase- oder Polypcptidasc- 
aktivitat nock die Wirkung eines Katkepsins im Wkleoproteid 
nackweisen konnte. 

Die Untersuckungen zeigen deutlick, dass der Artuntcrschiod 
der bei den genninen Eiweissen klar zum Ausdruck kommt, 
auck fiir die kokeren Abbauprodukte, viellcickt zum Teil auch 
fiir die niederen, sick geltend macht. Die Wirkung der Abbau- 
produkte kann in drei Punkten zusammengestcllt wcrden: 

1. Die Wirhung der pepsimbgebauten (P) homohgcn Eiwcissc 
iibertrifft die oiler heterologer P; 

2. Die Wirkung der dtircJi Erepsin (E) abgebaukn homologcn 
Eiweisse ist bedeutend geringer ah die der cntsprechendai homo- 
logen P-Prodiikle; 

3. Ecterologe E-Produkte sind im aJIge7neinen mirksamcr ah 
Iieierologe P-Produkte. 

Das besagt also, dass hohere koraologe Abbnuprodukte Icichter 
und besser von den Zellen ausgenutzt werden als niedore komologc 
Produkte (Gruppe 2). Es ist durckaus ivakrsckeinlick, dass die 
Peptide als solcke in die Zellen eingefiilxrt ■vverdcn und dirckt 
zum Aufbau dcs Cytoplasmaeiweisses dicncn (Gruppe 1). Der 
Bauplan der Polypeptide aus koraologom Eiweiss entspricht im 
wesentlicken dem Bauplan dcs Proteins der Zellen, Hierfur 
sprickt die Tatsacke, dass sic schnell und gut von den Zellen 
ausgenutzt "vverden. Im Gegeasatz hierzii sind die Peptide uus 
keterologen Biweissen entweder garnickt oder docli nur in go- 
ringem Grade wirksam, und auck das letztere erst nncli einer 
reckt langen Latenzzeit. Um fiir den Aufbau zu dienen, miissen 
sie zunackst vollig umgebaut -werden. Aus dicseiir Grmule ist 
es vcrstiindlich, •svarum die niederen Abbauprodukte der ketero- 
logen Eiweisse im allgemeinen wirksamer sind als die entspre- 
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chenden hoheren Produkte (Gruppe 3). Nach dem weitgehenden 
Abbau iverden die einzelnen Sauren fiir die Synthese besser zu- 
ganglich. 1st eine sebr wichtige Aminosaure der Peptidkette ab- 
gedeckt, z, B, Cystin, dann bleibt die komplettierende Wirkung 
vollig aus und die Zellen geben zu Grunde. 

Diese Befunde lassen darauf scbliessen, dass das Muster der 
Peptide entscheidend dafiir ist, ob sie von den Zellen verwertet 
werden konnen oder nicbt. Weiter besagen die Versuche: der 
enzymatiscbe Apparat der Zellen muss in der AVeise eingeriobtet 
.sein, dass der Ab- und Aufbau der Eiweiss-Bausteine nacb einem 
ganz bestimmten Plan erfolgt, und dass dieser cbarakteristiscb 
fiir jede Tierart, mdglicberweise aucb fiir jeden Zelltyp inner- 
halb desselben Organismus ist. Bergaiann und Niemann (1935, 
1937 und 1938) baben bekanntlicb aus ibren Untersucbungen 
den Scbluss gezogen, dass die einzelnen Aminosauren in der 
Peptidkette sicb periodiscb in bestimmten Abstanden wieder- 
holen. Weiter vdrd von ibnen bebauptet, dass es in den Zellen 
einen Organisator gibt, der den Aufbau der Peptide in dieser 
AVeise steuert. Nebmen wir jetzt an, dass dieser Organisator das 
Enzym selber ist, so ist es moglicb, dass aucb der Abbau von 
Peptiden nur auf solcbe mit einer bestimmten Konfiguration 
bescbrankt ist. 

Diese Gesicbtspunkte geben eine naturbcbe Erklarung fiir die 
oxperimentellen Befunde, die im vorstebenden vorgelegt wurden 
und stimmen mit den neueren Anscbauungen iiber die Struktur 
der Peptide gut iiberein. 

Fur die Beurteilung der Versucbsergebnisse scbeint es uns in 
diesem Zusammenbang dock ivicbtig zu uberlegen, ob nicbt die 
Unterscbiede in den AVirkungen der Abbauprodukte der ver- 
scbiedenen Eiweisse darauf beruben konnten, dass das Pepsin 
unter sonst gleicben Bedingungen nicbt in derselben AA^eise die 
verscbiedenen Eiveisse abbaut. Gegen diese Annabme spricbt 
die Tatsacbe, dass die verscbiedenen Zelltypen nicbt in derselben 
AA^eise auf dasselbe Produkt reagieren. 

Es bestebt docb kein Zweifel daruber, dass die boheren, nicbt 
die niederen Abbauprodukte der Eiiveisse ein vorziiglicbes Sub- 
strat bilden, um einen Einblick in die Natur der Zelltypen bin- 
sicbtlicb ibres Eiweissstoffwecbsels zu gewabren. So konnte aucb 
ein neuer AYeg zur tieferen Erkeirntnis der cbarakteristiscben 
Eigenscbaften der Zellen eroffnet vrerden, wo man sicb friiber 
mit vagen morpbologiscben Merkmalen begniigen musste. 
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Zusammenfassang. 

1. Slischimgen von mehr oder weniger hochmolckularcn Ei- 
weissabbauprodukton vrerden von Gewebczellen unter Wacli?- 
tumserscbeinungen ausgenutzt. Die Produkte der honio!ogcn £t- 
tceisse sind wirksamer als die der heterologen. 

2. Die mit Erepsin weiter abgebautcn homologen Eitccissc 
sind -weniger -wirksam als die mit Pepsin abgebauton. XJnige- 
kebrt verbalten sick die heterohgen mit Erepsin abgebauten Ei- 
-weisse, indem sie im allgemeinen relativ wirksamer als die cnf- 
sprechenden mit Pepsin abgebautcn sind. 

3. Der Artunterscbied der Eiweisse raacht sick auck in der 
Wirkung der Polypeptide deutlick bemerkbar. Dies stclit walir- 
sckeinlick mit Verschiedenheiten im Bauplan der cntsprcckcnderi 
Peptide in Verbindung, d. h. damit, wie sick die einzclncn Arai- 
nosauren in der Peptidkette in bestimmten Abstiindcn pcrlodisch 
wiederkolen. 

4. Mit Hilfe der koheren Eiweisspaltproduktc versclucdcner 
Ei-weisse lassen sick Gewebeze]]t}’pen innerhalb derselben Ticrart 
untersckeiden. 
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Introduction. 

Active transport is caracterised thereby that the cells them- 
selves form the concentration gradients, necessary for their trans- 
fer of the substance. 

In 1933 Laszt and "Willbrandt from VerzArs institute pro- 
posed the theory that the active transport of carbohydrates 
(hexoses) through cell membranes in the living tissues was made 
possible by an intermediary phosphorylation of the hexose, the 
process of phosphorylation taking place in the hexose-absorbing 
intestinal mucosa. In the same year, 1933, LtiNDSGAARD quite in- 
dependently proposed a similar hypothesis including the glucose 
absorption of the kidney tubular tissue and the intestinal mucosa. 
Phloridzin, which was known to prevent the process of reabsorption 
of glucose in the kidney tubules, now proved to cause a marked 
and probably specific inhibition of phosphorylation processes. The 
intestinal absorption of glucose was also found to be sensitive to 
local phloridzin poisoning; earlier experiments on intestinal glu- 
cose absorption had been performed by Nagano in 1902 with 
similar results. The various results based on experiments with 
phloridzin poisoning are still a significant support in favour of the 
phosphorylation theory. 

' This publication is abbreviated from a dissertation (chap. V — ^VIII incl.), 
not yet published. 
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Laszt and Willbraxdt, when they presented their theory, sup. 
ported it by the observation that when rats were poisoned' \nth 
inonoiodoacetic acid their absorption rate for glucose was reduced 
to that for xylose. Monoiodoacetic acid has since been proved not 
to inhibit phosphorylation processes specifically ~ phosphoryla- 
tion processes may proceed if the phosphate donors {adenosinctri- 
phosphoric acid) required are present. Phloridzin on the contrary 
seems to prevent the phosphate transfer from phosphate donor to 
-acceptor by blocking the phosphate transfer through the adenylic 
acid system. The oxydo-reductive processes upon ^vhich the 
phosphorylation processes are based may be inhibited unspecifi- 
cally by iodoacetic acid, relatively high concentrations of which 
are necessary. Later Ej-ixchoffeb (1938) has reported that the 
administration of monoiodoacetic acid, even in small dose.s, pro- 
duces widespread tissue damage, the most important, as regards 
absorption, being hemorrhagic enteritis; the absorption rates of 
glucose as weU of xylose and even chlorides were markedly reduced. 
Thus the experiments based on phloridzin poisoning must be con- 
sidered a better support in favour of the phosphorylation theory 
than the corresponding experiments based on iodoacetic acid 
poisoning. Lazst (1939) has since reported that the inhibiting ef- 
fect of iodoacetic acid on glucose absorption could he nullified by 
a previous injection of sodium chloride or carbonate. 

Laszt and Sullmanx (1935) demonstrated that the ab.sorption 
of hexoses and glycerol, but not pentoses, caused an increase in 
the contents of esterified acid soluble phosphates within the intes- 
tinal mucosa. These findings constituted an important support for 
the phosphorylation theory although the phosphate compounds 
formed were not identified. Luxdsga.ard (1939) confirmed these 
findings and found higher phosphato accumulations than had been 
obtained by Laszt and Sullmanh. The higher values obtained 
in the case of fructose were interpreted as due to slower dephos- 
phorylation, thus accounting for the well-known slower absorption 
of this sugar. The highest values were obtained in extracts of in- 
testinal mucosas from rate. Luxdsgaard found similar phosphate 
accumulations in hexose-absorbing intestines from cate and rab- 
bits; Reiser (1910) obtained corresponding values for swine 
during absorption of glucose. 

Only a very few organic phosphorus compound.^ from the intes- 
tinal mucosa have been identified, a fact that is in striking con- 
trast with the size and phosphorylation power of the organ. One of 
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the compounds so fat isolated from the intestinal mucosa is amino- 
ethylphosphoric acid; first of all Outhouse (1937) isolated this 
compoxmd from malignant tissue. This compound was not, as was 
at first thought, specific for cancer tissue, for Colowiok and 
Gobi (1939) have later shown that aminoethylphosphoric acid con- 
stitutes about 25 per cent, of the acid-soluble organic phosphates 
of the small intestine of rabbits. Nothing is known of its function 
or its source; it is supposed that both aminoethylphosphoric acid 
and choline phosphoric acid may have a specific yet unknown 
function in the intestinal tissue, the kidney tissue and tumour 
tissue. Ghargafe and Keston (1940) were unable to show any 
function of aminoethylphosphoric acid in the mechanism of cepha- 
lin formation or transport through the intestinal membrane. 


Experimental. 

The purpose of these investigations was to isolate and identify 
the phosphoric compounds formed within the intestinal mucosa 
during absorption of hexoses. 

Only the acid soluble fractions of the intestinal tissues have 
been analysed. 

methods. 

The methods here applied for the examiaation of intestinal tissue 
were similar to those applied to fermentation systems by King and 
Robison (1931), to muscles by Gobi and Gobi (1931) and to liver tissue 
by Kosterlitz (1939), when he isolated the galactose-l-phosphoric acid 
from galactose-assimilating Uvers. 

The experiments were carried out on rabbits and rats, fasted 24 hours 
beforehand. The weight of the animals was about 2 kgms. and 180 — 
200 gms. respectively. Amytal was given during the experimental period. 

The hexosephosphoric acids, found within the hexose-absorbing in- 
testinal mucosas, compared to those of the non-absorbing intestinal 
mucosas might represent the hexosephosphoric acids, accumulated 
during hexose absorption; therefore a suitable amount of sugar: 5 per 
cent, glucose, 5 per cent, galactose, or 5 per cent, fructose was adnun- 
istered to the animals orally; the control animals were given a similar 
volume of 0.3 per cent, sodium chloride. 

Whilst the absorption process was still going on, the intestine (jeju- 
num and ileum) was removed and immediately put into ice-cooled 0.9 
per cent, sodium chloride solution. The intestinal mucosa was then re- 
moved from the muscular tissue on an ice-cooled plate and brought 
into li(juid air, weighed, crushed and extracted with an ice-cooled solu- 
tion of 10 per cent, trichloroacetic acid. This laborious procedure was 
necessary in order to avoid the rapid phosphatase breakdown of the 
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newly formed phosphoric compounds. The extract was filtered and pre- 
cipitated with pulverized Ba(OH). to a pink red phenolphtalein colour. 
(Special removal of glycogen was unnecessary during the above pre- 
paration). ‘ 

The barium salts precipitated in this manner consisted mainly of in- 
organic phosphates and presumably of adenosinetriphosphoric acid, 
hexosediphosphoric acid and 30 per cent, of the hexosemonophosphoric 
acids originally present. The hexosemonophosphoric acids, precipitated 
by this procedure, were recovered as' described by CoRi and Com. 

The phosphoric compounds forming water-soluble barium-salts i. e. 
hexosemonophosphoric acids, adenylic acid, aminoethylphosphoric acid 
etc. were precipitated successively by adding 96 per cent, cthylalcohol 
to the supernatant fluid, the final concentration of alcohol being about 
60 per cent; This decrease in water concentration caused the precipita- 
tion of the major part of water-soluble barium-phosphates, when the 
solution was placed in the refrigerator overm'ght; the precipitate formed 
was removed by centrifugation. This precipitation was repeated se%'eral 
times. Further addition of alcohol gave a relatively small precipitate, 
mainly consisting of glycerophosphates. 

This procedure by no means allows an exact quantitative nor quali- 
tative determination of the hexosephosphates, but all the same it could 
be demonstrated that the increase in organic phosphoric compounds, 
which had accumulated in hexosc-absorbing intestines, was reflected in 
the "hexosemonophosphata fraction”. An ideal isolation of some of these 
compounds could probably be brought about by using a fractionated 
precipitation of the brucine-salts of these compounds. As the ester-salt 
amounts yielded by this procedure arc relatively small, larger amounts 
of intestinal tissue should be prepared for this purpose. 

Analyses of “hexosepJiospJiatc fractions" from i7itesi{nal mucosa. 

Tjpo of 
absorption 

NaCl . . . 
glucose . . 
galactose . 
fructose . . 
glycerol . . 


Rabbits Rats 

. 1 i 

. 2 5 

, — 6 

. 3 7 

, — 8 


Exppnraents on Rabbits. 

1. ‘‘HososephosphatOB” from Intestinal Mucosa of Eabblts 
Absorbing O.o per cont. NaOl-Solution; 
(Preexisting Esters). 

Isolation of the phosphate esters: 

From 6 rabbits absorbing 0.9 per cent, sodium chloride 141 gnis 
intestinal mucosa were isolated as described above; from the tri- 
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chloroacetic acid extract o£ these tissues the water-soluble organic 
phosphates were precipitated as described; the precipitation pro- 
cedure was repeated 5 times, a precipitate completely soluble in 
water and weighing 94 mgs remaining. The results of the analyses 
are presented in table 1. 


2. Determination of “HexoBepbosphates” ftrom the Intestinal 
Mucosa of Rabbits Absorbing Glucose. 

From 2 rabbits the intestines were removed, while absorption 
of glucose was taking place; 48 gms of intestinal mucosa were 
isolated; from the tissue extracts 22 mgs barium-precipitate were 
isolated as described above. The results of the analyses are pre- 
sented in table 1. 


Table 1. 

Analyses of harinm-c^ierpliosphates from .intestinal mucosa of rabbits. 


Experiment 1, 2 nnd 3. The values give the composition of 100 mgs barinm- 
esterphosphate. The right column gives the values for iodine — oxidised 

• cstcrphospliatc. 


t 

XaCl- 

Glucose- 

Froctose- i 

1 

absorbing j 

absorbing 

absorbing 1 


intestine , 

intestine 

intestine j 

llarium, mg 

25 

20 

1 

38 (34) 

N-contents, mg 

(6) 

(5) 

(0) (3) 1 

Optical rotation 

Reducing power. llAor.DOnx. Koii- 


•18 

(levo) 

Jesses, mg glucose .... 


29 (36) 

Aldosecontent, JEvcleod, Ronisos. 



IT (0) 

mg glucose 

1 Retosc-content, Sei.iwaSOff. Roe, 

20 

54 

1 mg fructose 

0.2 

0.5 

22 (26) 

Phosphorus-content : 




Total phosphorus, mg P . . . . 

1 P, liberated by hydrolysis, expressed 

1 as per cent, of total P. n/HCI, 

1 100’ alter: 

3.0 

4.6 

6.1 (6.9) 

! 5 minutes 

2 

5 

42 

i 10 > 

5 

9 

59 

1 15 > 

s 

12 

68 (78) 

30 > 

11 

14 

74 

60 > 

14 

19 

75 (84) 

180 > 

27 

36 

79 
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3. The Demonstration of Pructosephosphoric Acid, 
Accumulated in the Intestiiial Mucosa of Eabbits 
during Absorption of Fructose. 

Firat of all it was proved that the phosphoric ester formed in 
the intestinal mucosa during the absorption of fnictose was prob- 
ably a fructose-ester as indicated by a Seliwanoff-reaction; A red 
colour produced by ketoses (fructose) when heated with resorcinol 
and HCl. The water-solubility of the barium-salts nught show, 
whether the ester consisted of fructosemonophosphoric acid or of 
fructosediphosphoric acid; the barium-salts of fructosemonophos- 
phoric acid are soluble in cold and hot water; the barium-salts of 
fructosediphosphoric acid are only sparingly soluble in hot water, 
somewhat more soluble in cold water. 

Experiment performed in addition to experiment 3 in order 
to determine the solubility of the barirun-salts of the fructose 
ester: 

Analyses of bariwn-eslerphosphalc fraclions isolated from intes- 
tinal mucosa of a fructose absorbing rabbit: 

1) Water-soluble barium-esterphosphates (fructoscraonophos- 
phoric acid), isolated by one precipitation with alcohol, CO per 
cent.: 

136 mgs free fructose/100 gms intestinal mucosa (free fructose == 
Seliwanoff-value 2; cfr. table 2) 

46 mgs organic P/100 gms intestinal mucosa, 

42 mgs N/lOO gms intestinal mucosa. 

2) Water-soluble barium-esterphosphates precipitated at the 
first precipitation with Ba(OH)., but made soluble in water by the 
recovery process; this fraction consists mainly of fructosemono- 
phosphoric acid; 

27 mgs free fructose/lOO gms intestinal mucosa, 

12 mgs organic P/100 gras intestinal mucosa, 

10 mgs as/IOO gms intestinal mucosa. 

3) Water-insoluble barium-esterphosphates consisting mainly of 
fructosediphosphoric acid: 

y mgs free fructose/lOO gms intestinal mucosa, 

15 mgs organic P/lOO gm.s inte.stinal mucosa, 

13 mgs jS’/lOO gras intestinal mucosa. 

This experiment showed that the major part of the e.sters .accu- 
mulated, if not ail, probably consists of fructosomonophoHphorie 
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Table 2, 

Composition of harhim-salts of various hexosephosphoric acids referred 

to in text. 


Hexo sepho spboric 
acid 

Ba, 

P, 

Optical 

rotation 

Redncing poorer, 
mg gincose per 
100 mgs Ba-salt 

os| 

OOS 5 

9 5’s 

per 

cent. 

per 

cent. 

of Ba- 
salt 
tf 20/D 

Hage- 

DOBK, 

Norman 

Jensen 

Alkaline 

lod 

CC O 

9 ® p 
2*55 % 

£, Cl *:*• 

Practose-l-G-pliosphoric 
acid (Harden, Yonng 
ester) 

32.5 

10.42 

+ 1.9“ 

12 

0.7 

8 

Frnctose-l-phosphoric 
acid 

34.6 

7.82 

- 39.0“ 

26 

0.9 

24 

Fractosc-6-ptosphoric 
add (Nenberg ester) . 

> 

7.78 

■h 2.3^ 

34.9 

1.6 

22 

Gincosc-1-pUospiioric acid 
iCori ester) 

• 

7.8 

+ 75.0’ 

(0) 

(0) 

(0.5) 

Glacose-6-pbosplioric acid 

1 

7.80 

-i- 29.6“ 

35.5 

45.7 

(0.6) 


acids. Tiie values obtained from analyses of water-soluble barium- 
cstcrphospliatcs isolated from the intestinal mucosa of 2 rabbits 
absorbing fructose (table 1) indicated the possibility that tbe ester 
accumulated could not be fructose-6-pbospboric acid since tbe 
ester proved to be very sensitive to acid hydrolysis. Hydrolysis 
for 1 hour at 100° C. in n/HCl will liberate about 30 per cent, of 
tbe pbospborus present in tbe fructose-6-phosphoric acid, about 
70 per cent, of the phosphorus present in the fructose-l-G-phos- 
pboric acid, and 100 per cent, of the phosphorus present in tbe 
fructosc-l-phosphoric acid. The Heuberg ester and the fructosedi- 
phosphoric acid are well known in biological material, but on the 
other hand fructose-1 -phosphoric ester was, at the time these ex- 
periments were performed, only known from yeast preparations, 
from which the ester has been isolated and identified by Macleod 
and Robisois (1933) and Robison and Tanko (1935). Lately 
Pany (1912) has isolated this ester together with glucose-l-phos- 
phoric ester from the split products of glycogen formed in liver- 
pulp incubated for some time at 30° C. 

The formation of fruclose-l-plwsphoric acid in the intestinal 7nu~ 
cosa of rabbits absorbing fructose: 
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In experiment 3 the following more detailed procedure was used 
in order to determine tlie nature of the fructose ester accumulated 
in the intestinal mucosa. 

The intestines were removed from 3 rabbits absorbing fnictosc 
and extracted with trichloroacetic acid as described above. The 
phosphoric esters forming water-soluble compounds with barium 
were precipitated by addition of alcohol at pH about S, dissolved 
and re-precipitated 3 times. Some of the phosphate components 
v.'ere removed by precipitation with mercuric acetate from the 
acidified solution the excess of mercury being precipitated with 
hydrogen sulphide. The precipitation as barium-salts was then 
repeated and the precipitate at last dried with alcohol; alcohol- 
ether; ether and then dried in an exsiccator ■svith PjOs to a white 
hygroscopic precipitate. The precipitate was weighed and analysed 
in the following ways; 

a) Analysis as in the previous ex'periments (1 and 2): Table 1. 
133 mg barium-esterphosphate were used for this analysis. 

b) AuUother part of the precipitate was oxidized with bromine 
in order to remove the aldose components, presumably glucosc-6- 
phosphoric acid, present in the precipitate. Tlie procedure .should 
be that used by Robison and Tanko in order to prevent the 
simultaneous oxidation of the kctosc-components present; the 
oxid.ation products arc removed as barium-salts bj' the precipita- 
tion procedure described previously. In the experiment men- 
tioned here however bromine was replaced by iodine under the 
same conditions as used for the determination of the contents of 
aldosecomponents in the barium-esterphosphate, mACiiEOD and 
Robison. Tlie efficiency of the aldose removal was controlled 
by the usual aldose-determination made upon the Avntor-solublo 
fraction, isolated after the oxidation with iodine; Analyses: 
Table 1. 

c) In order to decide whctlicr the pliosphoric ester nccurmilated 
in the intestinal mucosa consisted of fnictose-l-phosphoric acid or 
fructosc-1- -f- fructosc-6-phosphoric acid the following analyses 
were made; 

Tiie acid sensitive fructose-l-phosplioric acid was removed from 
part of the barium-esterprccipitate by hydrolysis with n/HCl at 
100° C. for GO minutes. By this procedure 4.8 mgs P were liberated 
together with 2G mgs fructose; the fructose/P proportion being 
0.-5/1, The theoretical value for fructose-1 -phosphoric auui is G 
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mgs fructose/mg P. The non-hydrolysed part of the esters was 
isolated by using the convenient Ba(OH)a, alcohol precipitation. 
This acid-resistant fraction of the precipitate contained 0.71 mgs 
P and 0.04 mgs fructose (Seliwanopf, Koe reaction) while the 
reducing power (H^vgedorn, Normann Jensen) represented 2.3 
mgs glucose. 

■ Thus the content of fructose-6-phosphoric acid in the precipitate 
proved to be minimal. 

d) Osazoneformatioii, 

21 mgs of the precipitate originally isolated from the fructose- 
absorbing intestines were treated with 0.2 cc phenylhydrazine and 
0.2 cc concentrated acetic acid at 100° C. for 20 minutes. After 
cooling the crystals formed were filtered off and recrystalhzed. 
The crystals showed great resemblance to those of glucosazone. 
The melting point was not determined. 

The experimental results will be discussed later together -with 
those from the experiments on rats. 

Experiments on Rats. 

Analyses of ivatcr-soluhle salts of esterpJiosphatcs, isolated from 
the intestinal mneosa of rats. 

Experiment 4. Rats absorbing 0.9 per cent, sodium chloride solu- 
tion. 

6 rats, fasted 24 hours beforehand, had their intestines 
removed; From the trichloroacetic acid extract of 11.2 gms 
of intestinal mucosa the esterphosphates forming water-soluble 
barium-salts were isolated by repeated precipitations with 3 
volumes alcohol. 

The values for the esterphosphates obtained in the experiments 
performed on rats are expressed as mgs per 100 mgs dried tissue, 
as these experiments, contrary to the experiments performed on 
rabbits, were carried out with special regard to an isolation of 
the esters as quantitative as possible. 

Tlie analytical results are presented in table 3. 

Experiment 5. Rats absorbing glucose. 

From 6 rats absorbing glucose from a 5 per cent, solution 10.5 
gms intestinal mucosa were isolated; the esterphosphates were 
isolated and analysed as described previously; table 3. 

16 — i22195. Acta phys. Scanditiav. l"oI 4. 
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Phosphate, liberated by hydrolysis with n/lICl at 100’ C. from esterphosphsies. 
isolated from intestinal macosas of rats: Non-absorbinp (H), plncosc-absorbing ((ill. 
galactose-absorbing (Gt) and frnctose-absorbing (Fr). Cfr. table 0. 

Ordinate: P, liberated; given as per cent, of total P. 

Abscissa; Time of hydrolysis; minutes. 


Tnblo 3. 

The results from analyses performed in experiments 4, 5, G and 7. 

The values' give the contents of 100 mg dried substance. (100 mgs dried sab- 
stance of intestinal mneosa will correspond to about 500 mg fresh tissue). 


Experiment 

I 

1 

! ^ 

1 ^ 

1 ^ ’ 

Rats absorbing 

sodium 
[ chi. 

glucose 

1 

ignlactose 

i 

fructose I 

i 

Total phosphorus, mg P 

24 

2G 

31 

43 i 

Hydrolysis: Fig. 1. 





Reducing Poxrcr, Hagedork, Normak 
J r..s’SEV, mg glucose 

8 

100 

139 

[ 

! 

Aldose-content llAcnEOD, Roci.sox, mg 
glucose . . . : 

IS 

116 

202 

i 

lO-J ; 

Kctosc-content, Seliwakofe, Roe, mg 

0.5 

O ! 

O 1 

i 

110 ; 

Phloroglucine, HCl-rcaction 1 

1 

{ 

1 

j 

.u a. < 
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Experiment 6. Rats absorbing galactose. 

ITrom 6 rats absorbiug galactose 12.2 gms intestinal mucosa 
were isolated; the esterphosphates were isolated as described. 

The results obtained in this experiment were not sufficient to 
decide, whether the ester accumulated during the absorption of 
galactose should be considered a glucose-6-phosphoric ester or a 
galactose ester, probably a galactose-6-phosphoric ester. A trans- 
formation of galactose to glucose in the intestinal mucosa must 
presumably be based on an initial phosphorylation of the galactose. 
The only criterion so far available of the formation and accu- 
mulation of a galactosephosphoric ester is the intense phloro- 
glucine, HCl-reaction of the barium-osterprecipitate. The phloro- 
glucino-reaction may be carried out in the following way: 0.2 mgs 
galactose +1 cc 0.1 per cent, phloroglucine (dissolved in ethyl 
alcohol) d- 5 cc cone. HCl are heated at 100° C. for 3 minutes. 
The intense red colour developed by tliis reaction is not stable and 
rather unspecific. All the same the colour obtained in this experi- 
ment was far more intense than that obtained, when the reaction 
was carried out upon tiic corresponding precipitate from a non- 
absorbing intestinal mucosa (the preexisting esters give a weak 
blue colour (pentose-reaction?); the colour intensity indicated that 
the major part of the ester mentioned might consist of a galactose 
ester. A specific absorption by yeast would be of no use, since 
pho.sphorylatcd galactose is presumably assimilated by yeast, 
Kostep.litz. 

Experiment 7. Rais ahsorbbig fructose. 

From 8 rats absorbing fructose 14.5 gms intestinal mucosa were 
isolated; the barium salts of the phosphoric esters were isolated 
in the way described previously. The analytical results are pre- 
sented in table No. 3. 

In a similar experiment 14.0 mgs barium-esterphosphate were 
isolated from the fructose-absorbing intestinal mucosa of rats. 
The precipitate, when dissolved in water, showed a typical optical 
levo-rotation. The total phosphorus content was 6.4 per cent, of 
the precipitate. After removal of the esters sensitive to acid hydro- 
lysis (n/HCl, 100° C., 60 minutes) a preparation was obtained, 
which did not contain fructose; the phosphorus content was 0.28 
mgs P; reducing power (Hagedokn, Norman Jensen) expressed 
as mgs glucose; 1.12. These experiments ^viIl be discussed 
later. 
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Expnhnc)}! 8. linls absorbing glycerol. 

From extracts of intestinal mucosa from rats absorlnnt; uivccrol 
and from 6 control animals the ester pliospliates were precipitated 
as barium-salts bv addition of -1 volumes ethyl alcohol at pHabout 
S and reprccipitated twice. The precipitate was liydrolvse<i in 2n 
IfjSOi at 100" C. for 6 hours; by this procedure most of the glycero- 
jdiosphoric acid has been split; the free glycerol was kindly deter- 
mined by Holst (8), using a method not yet published. Botli 
glycerol-absorbing intestinal mucosa and the non-absorbing in- 
testinal mucosa contained csterified glycerol probably as n-clv- 
cerophosphoric acid, but no significant difference between the 
contents of the two scries of intestines could be proved. The con- 
tents of phosphoglyceric acid within the intestinal mucosa esti- 
mated by the colour reaction described bv Kap.itort (1937) wore 
negligible. 

Conclusion: Experiments Xos. 1, 2, 3, 4, u, G, 7 and S. 

I) A certain amount, so far unknowm, of the fructose passing 
through the intestinal membrane during fructose absorption is 
phosphorylatcd. 

The ester formed within the intestinal walls of rats and rabbits 
is mainly, if not exclusively, composed of fruciosc-l-phosplmic 
acid. The existence of this ester within intact animal tissue has not 
prc\dously boon demonstrated. 

Xo fructose-6-phosphoric acid is accumulated within the fruc- 
tose-absorbing intestinal mucosa. The increased contents of aldose 
components within the fructose-absorbing intestinal mucosa in- 
dicate the simultaneous accumulation to a minor extent of an nl- 
dose-cstcr, probably glucose-G-phosphoric acid. 

A minor fraction — not o.xcccding ten per cent. — of the fruc- 
tose esters accumulated was precipitated under conditions equal 
to those of fructosc-l-G-phosphoric acid, but it cannot be excluded 
that this fraction may originate from the fructosc-l-phosphoric 
acid not having been totally removed during the process of 
recovery. 

II) The non-absorbing and the XaGl-absorbing intestinal mu- 
cosas of rabbits and rats contained a phosphate-ester fraction that 
must be considered a glucose-G-phosphoric acid; small amounts of 
csterified glycerol, probably glycerophosphoric acids, arc also pres- 
ent. The proportion X/P of the phosphate compounds forming 
water soluble barium-salts was found to be l.S/1; as X/P of the. 
aminoethylphosphoric acid is 0.-5r>/l only relatively sitmll amounts 
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of this compound could be present; the presence of some adenylic 
acid (N/P; 2.2/1) u-ould be a more reasonable guess. 

Ill) The major part of the ester accumulated during absorption 
of glucose is supposed to consist of glucose-6-phosphoric acid; this 
conclusion is based upon the values for: a) reducing power, b) 
aldose-contents, c) resistance to acid hydrolysis, d) the solubility 
in water of the barium salt of the ester. The increase in hexose- 
monophosphate fraction from the intestinal mucosa of rats to a 
minor degree depended on an ester very sensitive to acid hydro- 
lysis; this fraction has not yet been identified; adenosine-triphos- 
phoric acid may be excluded on account of the insolubility of its 
barium-salt, and therefore there is still the possibility that this 
ester is glucose-l-phosphoric acid. 

During absorption of galactose a phosphate ester will ac- 
cumulate within the intestinal mucosas of rats; the reducing power 
towards ferricyanide and iodine, resistance to acid hydrolysis and 
intense colour reaction with phloroglucine indicate that this ester 
may be a galactose-6-phosphoric acid. The possibility of a simul- 
taneous accumulation of galactose-l-phosphoric acid is indicated 
by the occurrence of comparatively small amounts of an ester very 
sensitive to acid hydrolysis. 

Y) Tlie quantity of the esters accumulated may be estimated 
from the phospliorus analyses of the trichloroacetic acid extracts. 
Cf. p. 24G. 

The Significance of the Phosphate Ester Formation 
in the Intestinal Wall during Absorption. 

The accumulations of phosphate ester may be an expression of 
the fact that the power of the phosphorylation mechanism of the 
intestinal mucosa is superior to that of the dephosphorylation 
mechanism. Veezar proposed that the relatively low absorption 
rate of fructose was due to a partial transformation of fructose to 
glucose in the intestinal wall itself; fructose itself was absorbed 
by a diffusion process only, while the fructose transformed into 
glucose, was absorbed selectively at a considerable rate. Kaeckae 
(1938) confirmed this assumption by experiments showing that 
fructose-6-phosphoric acid is selectively dephosphorylated to glu- 
cose and phosphoric acid by intact intestinal mucosa phosphatases 
comprising Lohmann’s isomerase (phosphohexomutase); this en- 
zyme will transform fructose-6-phosphoric acid to glucose-6- 
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pliosphoric acid without supply of encrg}'. Eobisok and Taxko 
have shoAni that only the fructosc-G-oster but not the fructose-1 - 
ester, are transformed through this isomorase. Goda (1937) de- 
monstrated that the transformation of fructose into glucose hv 
liver tissue depended upon phosphorylation processes and the 
interaction of Lohmaxx’s phosphohexomutase. 

The demonstration of the accumulation of fructose-l-phosphoric 
acid in the intestinal mucosa during absorption of fructose will 
allow the assumption that the absorption process takes place in 
accordance with the following diagram: 


Intestinal lumen 


Intestinal mucosa cells 


Fnictose 


-vFnictosc-l-phosjilioric acid 




v 


->Frnctosc-6-phosplioric acid 
Glacose-6-pliosplioric acid • 


I’lasma 


1 Y i 

t FnJctosc-l-6-pliosplioric acid (lactic acid) 

{ 


Fructose 


^ Glucose 


indicate processes depending on supply of energy, 
indicate processes not depending on supply of energy. 


As fructose phosphorylated in position -1- lias no possihilUy of 
being dcphosphorylatod selectively i. c. via glucose-ester, the ester 
accumulated must be the -1-cster. But the fructoso-l-ester is also 
dcphosphorvlated •with great intensity, cf. j). 241. 

In connection with the mechanism of absorption proposed above 
it Avas investigated, •n'hether the process of transforming fructose 
into glucose within the intestinal wall took place at any con- 
siderable rate: 


Experiment 9. 

Babbits tlmthad been fasted 24 hours beforehand were anesthe- 
tized with an injection of amytal and given 2 gm fructo.se/kgin 
weight in 25 per cent, solution into the intestine. Reducing power 
(Hag i; DOBS', Nobmas* Jk.vskk) and fructose (Skltwaxoit, Bob) 
were determined upon samples of plasma taken simultancou.sly 
from the portal vein and carotid artery. The values oblained arf 
given in table 4. 
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Table L 

Increase of ghicosc conient of portal blood (plasma) in rabbits during 
administration of fructose. 

The values arc expressed m mgs hexose per 100 cc plasma. 

(P = portal vein; A = carotid artery). 


Ani- 

Minntrs after 

G 

1 U C 0 s 

e 


F r u c t 0 

s e 

No. 

JU UliUii 

of fructose 

P 

B 

P- 

-A 

P 

im 

P— A 

31 

0 

207 

n 

257 

_ 

50 

3 

3 

0 
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250 

277 

— 

22 

66 

29 

+ 37 


15 

273 

292 

— 

19 

77 

37 

+ 40 

32 

0 

190 

242 

— 

52 

2 

2 

0 


10 

226 

266 

— 

40 

44 

6 

+ 38 


25 

364 

280 

4. 

84 

98 

16 

-i- 82 


^0 

366 

344 

4. 

22 

34 

16 

+ 18 


55 

432 

483 

— 

31 

36 

39 

- 3 

33 

0 

155 

180 

— 

25 
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0 


10 

254 

286 

— 

14 

29 

15 

+ 14 


40 

386 

279 

~ 

11 

35 

16 

+ 19 


70 

420 

444 

— 

22 

28 

16 

+ 12 


Expcriiiiontal llesiilts. 

Thc.se experiments sliow that the transformation of fructose 
into glucose -witliin tlie intestine does not take place to any great 
extent, unless the fcuctosemia has reached a considerable value; 
this is seen from the columns indicated (P — A) in table 4, the 
values of vhicli represent the contents of fructose and glucose, 
present in the plasma of the portal vein, in excess of those of the 
arterial blood. Another remarkable fact shoivn by these experi- 
ments u'as the considerable uptake of glucose (or fructose) by the 
intestinal tissues; indicated by the negative (P — ^A) value for glu- 
cose; this uptake leads to the assumption that a significant pro- 
duction of lactic acid takes place within these tissues; experiments 
on this subject are still in progress. 

'Will Intestinal Phosphatases Be Able to Dephosphorylate 
the Fructose'l'Phosphoric Acid via the 
GIncose-6-PIiosphoric Acid? 

Robisox and Tanko (1937) demonstrated that only fructose-6- 
phosphoric acid was able to be transformed into the aldose ester 











240 


KAJ KJERCLF-Jjns’SEX. 


under the influence of bone pbosphatnsos containing Lohman.v s 
phospbohexoinutase. The following experiments showed that the 
same relations towards the fructose-lrcster were found, when in- 
tact intestinal mucosa phosphatnses were used. 

Exycrimcnial: Dephosphoryhtion of fnicioscphosphoric acid from 
intestinal mucosa by intestinal phosphatases containing phospho- 
hexomutase. 

Phosphatases: Extraction of rabbit intestinal mucosa; 20 gnis 
tissue in 20 cc water; 1 cc extract per sample. 

Substrates: 

1) fructose-l-phosphoric acid; prepared from fructose-absorbing 
rabbit intestinal mucosa; fructosc-1 -ester contents about GO per 
cent. 1.01 mgs P per cc. 

2) fructose-6-phosphoric acid isolated by acid hydrolysis of 
fmctose-l-G-phosphoric acid followed by precipitation ns barium- 
salt. 0.94 mgs P per cc. 

3) fructose-l-G-phosphoric acid dissolved in water at pH about 
8; 0.93 mgs P per cc. 

These samples were incubated at pH about 8 and liberation of 
phosphate and fructose were determined after precipitation with 
trichloroacetic acid. Table 5. 


Experimental Ilcsults. 

When samples of the same preparations were dephosphorylated 
with intestinal phosphatases freed from phosphohoxokinnsc.s as 
described by Albers and Albers (1910) — cfr. also ILvlck.ar — 
no formation of glucose took place. The results given in table 5 
demonstrate that the fructose ester accumulated within the in- 
testinal wall is dephosphorylated without any transformation into 
glucose, and the fructose expressed in per cent, of the fnictose 
present was liberated from thc-G-ester and the -1-ester at the same 
rate. As demonstrated by Ivalckar the transformation of the 
fructosc-G-cstcr into glucosc-G-ester within the intestinal mucosa 
seems to depend on more complicated dephosphorylating .systems 
within the mucosa tissues. 
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Table 5. 

Dephosphoryhiion of fnicioso esters by intestinal mucosa phosphatases 
containing phospJiohexomxdase. 


Sabstrate 

Minutes 

incubated 

P liberated, 
mg P 

Seliwanoff, 
mg fructose 

Increase in 
aldose content 

0 

0 

0.08 

0 


0 

30 

0.09 

0 

+ 

“Frnctoso-l-phospboric acid” 

0.5 

0.05 

1.68 



1 

0.1 0 

1.77 



SO 

0.40 

1.92 



60 

0.68 

1.98 

+ 

Fnictose-6-phospboric acid 

0.6 

O.Ol 

2.70 



1 

0.1 0 

1.94 



30 

0.22 

1.59 



GO 

0.4G 

1.27 

+ -f + 

Frnctose-l-G-pliosplioric acid 

0.6 

0.02 

1.36 



1 

0.06 

1.42 



30 

0.25 

0.96 



60 

0.45 

0.92 

4- 


Conclusions and tlio Theory of tlio Hexose-Phosplioryla* 
tion ns nn Integral Part of the Intestinal 
Absorption Mecliauism. 

1) Fructose: During the intestinal absorption fructose — or a 
part of the fructose absorbed — is phosphorylated; the ester formed 
being fructose-1-, fnictosc-G- or fructose-l-6-phosphoric acid. The 
formation of fructose-1- and fructose-6-ester is supposed to take 
place with the same intensity; the energy required must be equal 
for both cases. The product formed by dephosphorylation is mainly 
free fructose, although a considerable fraction of the fructose-6- 
ester present may be transformed into the glucose-6-ester, which 
is dephosphorylated to glucose and phosphate. This transforma- 
tion into glucose usually takes place to a minor extent only, and 
wll never exceed 50 per cent, of the fructose absorbed; some of 
the glucose formed from fructose seems to provide the intestinal 
mucosa with some of the hexose necessary for supplying energy. 
The fructose ester accumulated consists of fructose- 1-ester, as the 
only possible breakdown mechanism for this ester is a simple de- 
phosphorylation. 
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2) Glucose: During the absorption of glucose glucoscphosphoric 
esters accumulate in the intestinal mucosa tissue; the ester formed 
is probably glucose-6-cster accompanied by a rclativelv small 
amount of an ester, sensitive to acid hydrolysis and resistent to 
alkaline hydrolysis (glucose-l-phosphoric acid?). Glucose and 
galactose- are both able to form aldehyde-phosphoric acids. The 
h}'i)othetic phosphorylating mechanism can be represented as fol- 
lo%vs: 


Intestinal lumen | 

Intestinal mucosa cells 

Plasma 


1 

f 


■ 




r r 



Glncose ' 

1 

1 

■ 

iGlncnsc 



> 

Glticose-6-pliosplioric acid . 

B 

I 


processes depending on supply of energy, 
processes not depending on supply of energy. 


A primary phosphor^'lation of glucose at the aldehyde group lias 
not yet been demonstrated, except vhen the phosphorylation oc- 
curs as au intermediary stage of the phosphorolysis of glycogen. 
An intermediary formation of glycogen during the absorption of 
glucose is not probable — the glycogen content of the intestinal 
tissues is not increased during the absorption process, Luxns- 
G-AAED (1939). The phosphohexomutase present within the intes- 
tinal mucosa probably establishes an equilibrium including the 
glucose-1- and glucose-G-phosphoric acids present. In the experi- 
ments carried out by Com and his collaborators the equilibrium 
established in vitro was composed of about 19/20 -G-cster and 
about 1/20 -1-ester. These relations seem to be in some way .similar 
to those of the intestinal mucosa tissues during glucose absorption. 
It must be supposed that the intestinal phospliatases will deplios- 
phorylate both the -l-ester and the -G-cster. 

3) Galadosc: The galactose-G-phosphoric ester probably formed 
within the intestinal wall during the absorption of galactose luis 
not yet been proved to exist in animal tissues. It is possible that 
the composition of the galactose esters formed within the intes- 
tinal mucosa is .such that an equilibrium composed of galactosc-l- 
and galnctosc-G-estcr similar to that of the glucose cstei-s is estab- 
lished. 

Kalckar in his extensive review (19-41) has pointed otit that 
the pliosphorylation of an aldehyde group must be looked upon 
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as a much more expensive process than that of the phosphorylation 
of an OH-radical as regards the energy required. Prom this point 
of view glucose and galactose may 'be considered as stronger 
phosphate acceptors than fructose or glycerol, as the energy stored 
^Yithin the esters of the former highly exceeds that stored within 
the esters of the latter. In this connection it must be mentioned 
that the absorption of glucose and galactose is more sensitive to 
phloridzin poisoning of the intestine or to stimulation -with 
thyroxine than that of fructose or pentoses, Althausbn and 
Coworkers, Luxdsgaard (1933), and these experiments. 

The Phospliato Konewal of the Esters Formed within 
the Intestinal Mucosa. 

The hexose-phosphates formed within the intestinal mucosa 
during the absorption of hexoses represent the resultants of both 
a phosphoryla ting and dephosphorylating mechanism. If the capac- 
ity of the phosphorylating system is superior to that of the de- 
phosphorylating system, some of the esters formed must accumu- 
late. IvJEiujDr-JEKSEK and Lundsgaard (1941) made an attempt 
at estimating the intensity of fructosephosphate synthesis within 
the fructose-absorbing intestine of rats by’’ determining the rate 
of dephosphorylation of the accumulated ester. In rats, absorbing 
fructose, phosphorydation was stopped by an intraarterial injec- 
tion of cyanide; depliosphorylation continued in spite of cyanide 
poisoning; the intensity of the process was estimated by deter- 
mining the increase of the inorganic phosphate (mgs per sec.), 
liberated from the accumulated organic phosphates. The amount 
of phosphate liberated was found to be equivalent to the amoimt 
of fructose absorbed during the same time, which indicated that 
the theory of intermediary phosphorydation as a hexose absorbing 
mechanism could be maintained even from a quantitative point 
of view. 

The Phosphate Renewal of the Fructose-l-Phosphoric Acid 
Accunralatcd Avithin the Intestinal Mucosa 
of Fructose-Absorbing Rabbits. 

From experiments with radioactive phosphorus Hahn and 
Hevesy (1940) have shown that the most intense phosphate ex- 
change of the acid soluble fractions of the various organs of rab- 
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bits is found ^nthin the intestinal mucosa tissues. The phosphate 
exchange observed here was even superior to that of the kidnev 
cortex tissue. 


Experimental. 

In the following experiment the phosphate exchange of the 
phosphate ester formed within the intestinal mucosa of rabbits 
during absorption of fructose Avas estimated by using a radioactive 
phosphorus isotope. 

A rabbit (weight; 2.1 kgms), anesthetized Avith amytal, AA'as 
given by intraA’cnous injection, lasting 4 minutes, 300,000 units 
"'P as sodium phosphate, di.ssolvcd in distilled AA-atcr; during t lie 
injection the animal Avas absorbing fructose from 00 cc of a 5 per 
cent, solution, previously introduced. Blood samples Avere taken 
during the injection; at the end of the injection the intcstinc.s were 
remoAud as quickly as possible and immediately cooled. The kidney 
and the liA'or Avere also remoA'cd and thrown into liquid air. 30 
gms of intestinal mucosa tissue AA'ere isolated and e.xtracted Avith 
5 per cent trichloroacetic acid; from the filtrate fractions were 
isolated: One fraction containing mainly inorganic phosplinte, pre- 
cipitated as ammonium magnesium phosphate; anotlier fraction 
consisted of “hexosephosphates” i. c. fructosc-l-phosphoric acid 
and to a minor extent of some of the ester.s preexisting Avithintlie 
intestinal mucosa. This fraction AA'as isolated ns barium-esterphos- 
phates. At last the bariume.stersAA'ore hydrolysed for lO minutes in 
n/HCl at 100^ C.; by this procedure more than */,o of the phosphate 
present as fructose-phosphate AA'as liberated, while the amount of 
phosphate liberated from the preexisting esters was negligible. The 
extracts of hidney cortex tissue ami liA'cr tissue Avere treated in 
a corresponding manner. The phosphonis contents and activity of 
all these fractions AA-orc determined. The activity (emission of beta- 
particles) of the radioactiA'c phosphoru.s aams determined in a Gi:ror.r. 
counter arrangement, similar to that de.scribed by Levi (1911). The 
results arc presented in table G. 

The rate of renewal of the ester phosphate is indicated by the 
incorporation of radioactive ])hosphatc into the ester phosphate 
fraction from the radioactiA’c inorganic phosphate of the cells, as 
the radioactive phosphate radicals can only be incorpornt'-d into 
organic molecules in the cour.'-c of a synthetic process. It is, ho\v- 
CA'er, not justifiable to compare the .‘specific aefiA'ity (acti\'ity/mg 
P) of the ester phosphate c.vtracted from the kidney and the in- 
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Table G. 

Phosphate exchange of fructose ester, isolated from intestinal mucosa 
of a rabbit during absorption of fructose. 

Intravenous injection of radioactive pbosphorns lasting 4 minutes. (The values 
in the column “average’, indicate that the calculation is based upon the cal- 
culated average value of inorganic phosphate after corrections for extracellular P. 
The values indicated “end” vere calculated from the activities at the end of 

the experiment). 


Pr.iction 

Activi- 
ty/mg P 

Activity/mg P in per 
cent, of Act/mg P 
for inorg. P 

“Average” 

“End” 

Instestinal mucosa: 




Inorg. P 

173 



Fructosepbospate 

11a 

97 

66 

Liver tissue: 




Inorganic P 

223 



“Esterpbosphatc” 

153 

82 

69 

Kidney cortex tissue: 




Inorganic P 

454 



“Esterpbosphatc” 

124 

48 

27 

Plasma, inorganic P. 




After 1 minute 

1840 



.2 > 

1980 



>4 > 

3 240 , 




testine, for example, and to conclude from the fact that the ester 
phosphate extracted from the Iddney is much more active than 
that extracted from the intestine, that the rate of new formation 
of ester phosphate is correspondingly larger in the Iddney. The 
incorporation of radioactive phosphate radicals into the ester 
phosphates must be preceded by a diffusion of the labelled inor- 
ganic phosphate into the cells of the organ. Thus the rate of forma- 
tion of labelled ester phosphate is limited by the rate of this dif- 
fusion process; in fact, the radioactive inorganic phosphate pene- 
trates very much faster into the Iddney cells than into the cells of 
the intestinal tissue. If a large fraction of the ester phosphate 
molecules is decomposed and resynthesised more than once during 
the experiment the inorganic phosphate radicals, which had an 
activity corresponding to a late stage of the experiment, will be 
foimd to a larger extent incorporated in ester phosphate molecules 
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than those phosphate radicals the acti'.itv o{ wliich corresponds 
to an early stage of the experiment. To get proper information on 
the rate of renewal of an organic compound in an organ, we have 
to compare the specific activity of the P isolated from the orcanic 
compound in question at the end of the experimout. with the 
average value of the specific activity of the cellular inorganic P 
prevailing during the experiment (Haiix and Hevesv). 

"Wlicn the method of calculation, proposed by IIahx and Hkv- 
ESY (1940) was used, it could he concluded from these results 
that while absorbing fructose, the rabbit experimented on has 
synthesized the amount of fructose-monophosphate present in tlio 
intestinal mucosa witliin 4 minutes. This amount of fructose ester 
was calculated to represent CO — 100 mgs of fructose. 3 rabbits of 
the same weight were found to absorb about 15 rags inictose per 
minute under corresponding circumstances. It must he homo in 
mind that the pre^-ious fasting and the amj-tal injected is able to 
reduce the absorption rate considerably. 

Conclusion: The fructosephosphoric acid synthesis and dephos- 
phorylation in the intestinal mucosa have been found so intense 
that tlic theory of an intermediary phosphorylation even of the 
total amount of fructose absorbed can he maintained. 

>Snnniiary and Final Conclusion. 

1) Some of the fructose, wliich jMsses the intestinal memhrnno 
of rats and rabbits is phosphorylatcd. The ester accumulated 
vathin the intestinal wall is mainly, if not exclusively, composed 
of jructosc-l-pJiosjilioric acid. The existence of this ester witliin in- 
tact animal tissue has not previously been demonstrated. 

Fructose-6-phosphoric acid docs not accumulate within fructose- 
absorbing intestines; the simnltancous accumulation of a smaller 
amount of an aldose ester, probably glucosc-G-phosplioric acid, 
indicates that the fructose-G-cster, when formed is immediately 
transformed into the aldose ester by the phosphohexoinutase 
present. 

A minor fraction of the fnictose esters accumiilated — not ex- 
ceeding ten per cent. — was precipitated under the same condi- 
tions as fructose-l-G-phosphoric acid, but it cannot be excluded 
that this fraction may originate from tlic fructose-] -phosphoric 
acid not having been totally removed during the precipitations, 

2) The non-absorbing and the NaCl-absorbing intestinal muco- 
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sas of rats and rabbits contain a phosphate ester fraction, which 
ihust be considered a glucose-6-phosphoric acid; small amounts of 
adenylic acid and of esterified glycerol, probably giycerophosphoric 
acids, are also present. 

3) The major part of the ester accumulated during absorption 
of glucose must be considered a glucose-6-phosphoric acid; evidence 
is given of the simultaneous occurence of relatively small amounts 
of glucose-l-phosphoric acid; but this fraction has not yet been 
identified. 

4) During absorption of galactose a phosphate ester will accu- 
mulate within the intestinal mucosas of rats; evidence is given 
that the ester formed is a galactose-6-phosphoric acid. The pos- 
sibility of a simultaneous accumulation of galactose-l-phosphoric 
acid is indicated by the existence of relatively small amounts of 
an ester, very sensitive to acid hydrolysis. 

6) A theory of the phosphorylation processes taking place within 
the intestinal mucosa during the absorption of hexoses is proposed. 

6) The fructose ester, accumulated within the intestinal tissue 
is not transformed to glucose ester by intestinal phosphatases, in 
contradistinction to fructose, phosphorylated to fructose-6-ester. 

7) The amount of fructose ester, accumulated uuthin the in- 
testinal mucosa of rabbits, absorbing fructose, may be calculated 
to represent 50 — 100 mgs fructose per animal, weighing 2 kgms. 

8) The fructosephosphoric acid synthesis and dephosphoryla- 
tion of the intestinal mucosa, estimated from experiments with 
radioactive phosphorus, have proved to be so intense that the 
theory of an intermediary phosphorylation of even the total 
amount of fructose absorbed can be maintained. 

Final conclusion: It must be pointed out that the demonstration 
of the hexosephosphate esters formed within the intestinal mucosa 
from the hexoses being absorbed cannot be looked upon as a final 
proof of the phosphorylation theory, even though the latter seems 
to have been supported to a great extent. I'urther investigations 
on the intensity of the synthesis of the esters compared with the 
amounts of sugar absorbed may perhaps lead to the conclusion 
that during its passage through the mucosa cells the hexose ab- 
sorbed cannot avoid intermediary phosphorylation. As a matter 
of fact the problem has been Hmited to the question, "whether the 
hexose, while being absorbed, must necessarily pass through the 
cells themselves and thereby come into contact "v'.dth the phos- 
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phor}-latiag structures of the cells, or whether it mar Iw able to 
pass the intestinal membrane through the intercellular spaces. 

I wish to e.rpress my thanks to my chief. Professor E. Luxds- 
GAABD, for his valuable interest in and land help with the present 
work. The preparations of radioactive phosphorus used were pre- 
sented to me by Professor G. Hevesv, whom I wish to thank for 
this present and the assistance given to me at the Institute of 
Theoretical Physics. 
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The Phosphate Esters Formed in tlie Lirer 
Tissue of Rats and Rabbits during Assimilation 
of Hexoses and Glycerol." 

By 

K. KJERULF-JENSEN. 

(Received 23 Muj- 1942.) 


Introduction. 

It is now generally accepted that phosphorylation processes form 
intermediary stages of glycogen or glucose formation from various 
substances in liver tissue, but the experiments, upon which this 
assumption is based, have mostly been performed upon isolated 
tissues. The transformation in %’itro of fructose into glucose by 
liver tissue has for example been described by Gobi and Shine 
(1936) and Goda (1937). From intact livers of rabbits, absorbing 
galactose, Kosterlitz (1939) has isolated and identified galac- 
tose-l-phosphoric acid. Lundsgaard (1938) found accumulations 
of easily hydrolysable, acid soluble phosphates in isolated livers, 
assimilating fructose. 

In order to obtain some information regarding the nature of the 
phosphate esters formed in the liver tissue during absorption of 
fructose, galactose, glucose and glycerol the present investigations 
were performed in coordination with investigations of intestinal 
mucosa tissues. 


Experimental, 

The experiments were made on rats and rabbits; all the animals were 
anesthetized with amytal; the sugars were absorbed from 5 per cent, 
solutions, which had been introduced into the intestinal lumina. After 
15 — 30 minutes the livers were removed rapidly and thrown into liquid 

" From a dissertation in press. 

17-^/22193. Acta phi/s. Scandinav. Vol. 4. 
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nir, vrcighed, cni.sLed and extracted v;-ith 30 per cent trichloroacetic 
acid; 10 cc per gm tissue. The ■'hcxoscmonophosjdiate'’ fraction? of the 
various extracts were anah'sed. 

Esporimonts on Eats. 

Livers from rats; Non-absorbing (fasted 24 liours beforeliand). 
and livers assimilating: Glucose, galactose and fructose rcspectivelv 
tvere analysed in order to .study the nature of the esters, accumu- 
lated. 

The. four groups of animals each included 5 rats; glycogen was 
removed from the extracts of the liver tissues tvith 4 volumes alco- 
hol. Beside gh'cogen phosplioglyceric acid was prccij)ifatcd from 
the acid solution. The bariumsalts of csterphosphntos, .soluble in 
water at pH about S, were precipitated by addition of 4 volumes 
alcohol; the precipitates formed were centrifuged, dissolved in 
water and rcprecipitated after recovery of estorphospha tc.s from 
the “insoluble” fraction. The precipitation was repeated 4 times 
with special regard to a quantitative isolation of the “hexo- 
somonopbospliate” fraction; cfr. Com and Com (1931) and Kos- 
TERLiTZ. The weight of a rat liver was found to be about 3 g liver 
tissue per 100 g rat. 

The experimental results are presented in tablc.s 1 and 2. 

Livers from rats analysed in order to demonstrate the occurrence of 
Jicxose-l--p7tosphate esters m liver tissue during assimilation of 
hexoscs. 

The “hexosemonophosphates” were isolated as described pre- 
xdously from the livers of 4 groups of rats, each group consisting of 
3 animals. One group of rats was fasted 24 hours beforehand, the 
other groups were absorbing glucose, galactose and fructose re- 
spectively. Tlic results arc presented in table 3. 

Table 1. 


Anahjsis of irichloroaceiic acid extracts of liver tissues of rats. 
TliC values indicate nips P per lOO p of liver tifiuie. 


1 During alijorption of 

i 

Glucose 1 Gnbictose | Fructose | j, 

i 

i P, anorganic 

27 ! 2:1 

i ! 

27 j 20 ( 

1 P, li/nCi, 6'-P. enorganic . . 

n 1 ifi 

14 ; 10 1 

1 P, organic 

74 1 73 

74 : 05 1 
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Table 2. 

Analyses of tvater-soluhle barium-salts of ester posphaies, isolated from 

rat livers. 

The values represent the contents of 5 g liver tissue. 


Livers, assimilating 

Glucose 

Galactose 

Fructose 

> Non-as- 
similating* 

Reducing power, mg glucose . 

6.9 

7.0 

9.3 

5.8 

Aldose-contents, mg glucose . 

9.6 

lO.o 

7,6 

7.0 

Ketose-contents, mg fructose . 

0.2 

0.2 

2.2 

0.2 

Phosphorus: 





Total P, mg P 

1.2 

1.6 

1.8 

1.2 

Hydrolysis: n/HCl, 100’ C; per 
cent of total P. 

5 min 

10 

14 

18 

2 

10 > 

12 

15 

26 

5 

15 > 

14 

19 

30 

9 

30 > 

19 

26 

34 

15 

60 » 

28 

36 

38 

19 

180 > 

44 

49 

51 

38 


Table 3. 

^Hexosemonophosphaies'^ from livers of fasting and hexoseabsorhing 

rats. 


Eats, absorbing 

Glucose 

Galactose 

Fructose 

Non- 

absorbing 

Total P; mg per 100 g tissue . 

39 

29 

32 

39 

P, n/HCI 100’ C (per cent, of 
total P) after 5 min. . . . 

20 

19 

23 

8 

, 30 » ... 

44 

30 

31 

29 

P, n/NaOH, 100’ C (per cent, 
of total P) after 3 min. . . 

4 

6 

12 

4 


Experiment 3. 

Analyses of liver tissues f rom rats absorbing glycerol. 

The livers were removed from two groups of rats, each group 
including 3 animals. One group was fasted for 24 hours beforehand, 
the other had a 3 per cent, solution of glycerol introduced 45 
minutes previous to the removal of the livers. The "hexosemono- 
phosphate'’' fractions, which also contained glycerophosphates were 
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prc'cipitated by the procediirp tlcpcribcd prenously. Estcrificd eh'- 
corol was j)art!y liberated by acid liydroly.-is; n/ilCI for 24 hours 
liberated: 

Livers from fastinir rats: 

12 mgs }’ per 100 g tissue (50 per rent of total ?) 

14 mgs glycerol per 100 g tissue. 

Livers from rats absorbing glycerol: 

24 rngs P per 100 g ti!?siic (50 per cent, of total P). 

28 mgs glycerol per 100 g tissue. 

The doterjiiinations of gh'cerol were, kindly performed bv E. 
Hoi^st by making use of his own method. 

The solubility of the barium-salts combined with the consider- 
able resistance toward.s acid hydrol 3 'sis indicate that the glycerol 
ester fraction is probably' mainlv composed of glyccrophosphoric 
acid. The c.stor fraction maj' be calculated to represent about 100 
mgs of gh'cerol per 100 g liver tissue. 

Esporimonts on Babbits. 

Livers from rabbits: N on-absorbiny and assimilatinij: Glucose, or, 
fructose, analysed in order to demonstrate the nature of the -phosphate 
esters accumulated. 

3 groups of rabbits each including 2 animals wore treated cor* 
respondingh’ to those of rats in the experiment incntionod pre- 
viously. The “hcxo.ecmonophosphate" fractions of the livers re- 
moved were analysed; the anah'ticnl residts are pre.scntcd in 
table 4. 

In order to decide whether the esterphosphates, accumulated in 
the livers of the fructose-absorbing rabbits, contained fructo-sc-G- 
phosphatc ester or not, the esterphosphates were hj'drolj'.scd in 
n/HCl at 100° C for 60 minute.s. B}’- this procedure the total amount 
of phosphate and fructose present as fructose-l-phosphnte was 
liberated and the remaining esters were isolated ns barium-salts 
In' repeated precipitation with alcohol at pH about 8; onh’ 30 per 
cent, of tlic fructo.se-G-phosphate pre.scnt is .split In* this acid 
hydroh'sis. The estcrpho.sphates resistant to acid Imlroh'.sjs uerc 
analvsed; the results presented below indicate that the contents of 
ketose i. e. friictosc-G-estcr mu.st have been minimal: 

Phosphorus, mg organic P O.ti 

Ketose contents, SELlwAXorf, Boe, mg fructose .... 0.01 

Keducing power, Hagedokx, ICoR.'tAX Jk.vsk.v, mg glucose 2.0 
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Table 4. 

Analyses of esterphosphates^ forming waiersoluble barium salts, isolated 
from liver tissues of rabbits. 

The values indicate the contents of 100 mgs of barinmesterphosphate. The 
esterphosphate fraction indicated >frnctose)*> has been oxidized with bromine in, 
order to remove the aldosecomponents. 


Absorption of 

Ron . 
absorbing 

Glncose 

Fructose 

Fructose)* 

(Ba-salt, available for tbe anal- 
j-sis, mgs 

30 

73 

98 

30) 

Ba. mga 

12 


15 

35 

N, mgs 

7 

7 

6 


Optical rotation 



(levo) 

levo 

Red. power, mg glucose; Hage- 
dorn, Jensen 

19 


17 

20 

Aldose-contents, mg glucose; 
llacleod, Robison 

22 

22 

16 

6 

K-etosereaction, mg frnctose; 
Seliwanoff, Roe 

0.3 

0.5 

4.7 

9 

1 

Phosphorus; 

Total P, mg P 

3.9 

4.1 

5.4 

5.4 

P, n/HCl, 100’ in per cent of 
total P, 





at 5 hlinntes 




14 

j 15 > 

6 

6 

17 

SO 

>60 > 

13 

17 

25 

29 

P, n/XaOH, lo', 15' -f J . . . 

0 

0 

0 


P, n/NaOH, 100’, 3' in per cent, 
of total P 



30 

22 


Similar results were obtained, when barium esterpbospbates, 
soluble in water, were isolated from “non-assimilating” and from 
fructoseassimilating samples of liver tissue of tbe same rabbit 
with special regard to quantitative precipitation. The results are 
presented in table 5. 

While the easily hydrolysable phosphate fraction is increased 
175 per cent., the fraction resistant to acid hydrolysis is only in- 
creased to 122 per cent, this indicates that the major part of the 
esters accumulated during assimilation of fructose must be the 
-l-ester or some other ester, sensitive to acid hydrolysis. The total 
amount of fructosemonophosphate accumulated may be calculated 
to about 100 mgs fructosemonophosphoric acid per 100 g liver tissue. 
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Table 5. 


Analyses of esierphosphalcs from samples of liver tissue from the same 

rabbit. 

The values indicate tngs per 100 p of liver tissue. 


: 

Liver assimilating 

i 

1 Fructose 

‘Kosi-assimi- j 
latingj ; 

Seliwanotr, mg frnctoso 

. . : 30 

SI ; 

I’hospiioms. mg V: 

1 P, n/HCK 100’ C. 15 min 

..| r,.. 

o 1 

2.? j 

P, > > , 60 > 

C., 

3.C i 

P, total 

. -1 21.2 

1*^1 1 

Ji.-t ; 


Pliospliatc Rencival of Fructoscmonopliospliato 
Accumulated in Liver Tissue during 
Assimilation of Fructose. 

From experiment.^ •with radioactive pliosphoru-s, the re.sult.s of 
which arc presented in table G of the preceding publication, it is 
seen that the phosphate of the phosphate ester accumulated in 
the liver tissue is renewed ^vith an intensity equivalent to that of 
the fructosephosphate of the intestinal mucosa of the same rabbit. 
The phosphate exchange of the ester fraction was found to be more 
intense than in the experiments performed by Hauk and IIevesy 
(1910); but the exchange period in the present experiment is only 
4 minutes; the latter experimental condition will favour the di.s* 
covery of an exchange process of great intensity. 


Piscussion of Experimental JResults and Concliision.s. 

The results of the experiments performed on rats demonstrate 
that assimilation of glucose, galactose or fructo.se is followed by 
an increase in organic phosphorus compounds in the liver ti-s.sue.s 
of rats. Tlic pho.sphatc.s accumulated arc mainly sensitive to acid 
hvdroU'T^i.s, also in the ca.se of fructose assimilation, ashore the 
ester formed is very easily hydrolj-sablc. The nature of the phos- 
phate compounds formed and accumulated is to some extent 
illustrated by tbe nnalpes of the barium-salts of the ester?, table 
2. Analvscs of bariurapho.sphates from livers of rabbits- and rat?, 
a-ssimil.ating fructose (tables 2 and 4) show that the ester in qne.T 
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tion forms a barium-salt, soluble in water at pH 8; it is easily 
liydrol^-^cd bj’ n/HGJ, gives a marked ketose-reaction and reduces 
potassium-ferri-cyanide. These qualities indicate that a consider- 
able fraction of this ester fraction consists of fructose-l-phosphoric 
acid. Anah'ses of the fructose ester fraction resistant to acid 
hydrolj-sis and analpcs of the bariumesterphosphates, not soluble 
in water, indicated that the major part of the fructose ester accu- 
mulated in these livers is fructose-l-phosphoric acid; the contents 
of fructosc-G-cster may be considered minimal; this agrees with 
the well known presence of Loh.maxn's phosphohexomutase in 
liver tissues, an cnzjTnc that catalyses the transformation of fruc- 
tose-6'cster into glucose-G-estcr. Tlic possibility exists that an 
amount of fructose corresponding to that present as fructose-1- 
ester may be found ns aldosccstcr. The quantity of fructoseester 
accumulated may be calctilatcd at about 100 mgs of the ester 
prc.scnt in 100 g of liver tis.sue. As during fructose absorption the 
amounts of fructoseester found in the liver and the intestinal 
mucosa of the .same rabbit seem to be equal with regard to quan- 
tity and sjmthcti.sing intensity, only relatively small amounts of 
fructose will be able to pass the liver without being phosphorylated. 

The phosphate esters accumulated in the liver tissues during nb- 
sorption of glucose and galactose arc probably to some extent 
nldosocsters i. e. glucosc-6-phosphoric acid (or galactosc-G-phos- 
phoric acid); this is seen from the fact that aldose contents of the 
ester fraction from rat livers (but not from rabbit livers) were 
moderately incrcn.scd; but the nature of these esters have not yet 
been verified. Some of the esters accumulated in the livers of 
both rats and rabbits wore found to be very sensitive to acid 
hydroh'sis; ns the barium-salts of these esters were soluble in water 
at pH 8. ndenosinetriphosphoric acid may be excluded and the 
possibility exists that the c.stors mentioned are glucose-l-ester and 
galactosc-l-c.ster respectiveh" these findings seem to be in good 
agreement with those of Ivosterlitz, who isolated galactose-1- 
pho.sphoric acid from livens of rabbits assimilating galactose. 
iVeithcr glucose-l-pho.sphoric acid nor fructosc-l-phosphorio acid 
have yet been isolated from intact liver tissue, but Panv (1942) 
has recently demonstrated the preccnce of both esters in extracts 
from liver pulp of dogs and rabbits incubated for some time at 
37°; under thc.se condition.s these esters arc believed to be formed 
and accumulated during the phosphorolysis of the glycogen pres- 
ent. 
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From the increase in easily hydrolysable phosplmfe (hiring as- 
similation of galactose (experiment on mts) the amount of galac- 
tose-l-cster accumulated in rat livers may be calculated at about 
DO rags ester per 100 g liver tissue. The amount of ester observed 
by Kostep.lttz in rabbits -was only about 12 mgs ester per 100 g 
liver tissue. The amounts of e.sters accumulated in rat livers wore 
larger than those accumulated in rabbit livers, when due regard 
were taken to the u'eight of the organs in these animals; this fact 
may to some extent be a consequence of the smaller rat livers 
being cooled more rapidly than the larger rabbit livers after the 
removal of the livers. 

During assimilation of glycerol (experiment on rats) the amount 
of esterfied glycerol (glycerophosphoric acid) preexisting in rat 
livers of fasting animals was highly increased. The ester fraction 
could be calculated at about 100 mgs glycerol per 100 g liver tissue. 
Iso accumulation of phosphoglyceric acid was observed. K.A,i.CfC.An 
(1939) was able to phosphorylatc glycerol to a-glycerophosphoric 
acid in Aitro with tissue c.xtracts. 

The precipitates of esterphosphates forming water-soluble ba- 
rium-salts from the he.xose-assimilating livers must always be 
compared with those of the “non-assimilating” livers; the nature 
of the phosphate esters preexisting in the liver tissuc.s have. not 
yet been examined satisfactoril}’; some of the barium-.salts may 
consist of more or less broken down nuchleotides: Adenylic acid 
for example; the contents of nitrogen is relatively high and the 
blue colour with phloroglucine and HCl indicate that pentoses arc 
present. As a major part of these phosphate esters arc resistant to 
acid hydrolysis and contain aldose-radicals, it seems justifiable to 
assume the presence of glucosc-G-phosphoric acid in liver tissues 
of fasting animals. 

Appendix. 

Tlie hexosemonophosphate fraction of kidney tissue and skeleton 
muscles of rabbits during assimilation of fructose were nnaly.sed; 
No fructosephosphate accumulation was observed in the kidney 
tissue. 

In muscTilar tissue the assimilation of fructose was accompanied 
by an increase of the preexisting esters: Emudex, Koniso.s' ester 
(about 70 per cent. glucose-G-phosphoric acid and 30 per cent. 
fnictosc-G-phosphoric acid). No accumulation of fructosc-J-phos- 
phoric acid was obscr\'ed, even when the fructoseemia rose to about 
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200 mgs fructose per 100 cc plasma by intravenous injection of 
fructose, but tbe fructose-6-ester was moderately increased in 
proportion to tbe glucose-6-ester. 


Summary. 

Pliospbate esters are accumulated in tbe intact livers of rats 
and rabbits during assimilation of bexoses and glycerol, which 
latter was examined on rats only. 

During absorption of fructose the fructose ester accumulated 
showed qualities similar to those of fructose-l-phosphoric acid; no 
fructose-6-pbospboric acid was accumulated. The amounts of 
fructosephosphoric acid accumulated in the liver and in the in- 
testinal mucosa of the same rabbit seem to be equal with regard 
to quantity and synthetising intensity. The amounts of ester may 
be calculated at about 100 mgs of tbe ester per 100 g of liver tissue; 
this amount was rebuilt almost completely within i minutes as 
shown in an experiment with radioactive phosphorus. 

The phosphate esters accumulated in livers of rats during ab- 
sorption of glucose and galactose are probably to some extent 
aldose-esters i. e. glucose-6-phosphoric acid (and galactose-O- 
phosphoric acid?). Some of tbe esters accumulated during absorp- 
tion of glucose and galactose in the livers of rats and rabbits were 
very sensitive to acid hydrolysis and relatively resistant to hydro- 
lysis with alkali; the possibility exists that these esters are glucose- 
1- and galactose-l-cstcrs respectively. 

During absorption of glycerol an amount of glycerol representing 
about 100 mgs glycerol per 100 g liver tissue of rats was esterified; 
as phosplioglyceric acid and trioscphospboric acid could be ex- 
cluded, tbe ester in believed to be (a- ?)-glyceTOphosphoric acid. 

No accumulation of fructose-l-pbospboric acid was observed in 
the kidneys or muscular tissue of rabbits during assimilation of 
fructose, but tbe contents of fructose-6-ester of tbe preexisting 
E 5 iBDEN-e.ster was somewhat increased. 
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A Reticulocyte Ripening Principle, 

By 

GLAUS MUNK PLUM. 

(Received 23 May 1942.) 


When stained, supravitally with basic dyes some red blood cor- 
puscles show a “reticulated substance” consisting of fine or coarse 
granules connected Mith each other by a fine filament. Such eryth- 
rocytes arc called rcliculoci/tcs. In the blood of normal animals 
between 0 and 30 per mille of the total number of er}d;brocytes 
are found to be reticulocytes varying 'with the species and the 
age of the animal examined. Now the reticulocytes generally are 
accepted as young red blood ceils. Whenever the blood formation 
in the bone marrow is more active the number of reticulocytes in 
the blood increases. This phenomenon has caused the importance 
of roticulocjdes in the clinic wliere e.vtensive studies have been 
carried out on this subject. 

Pure physiological investigations on reticulocytes are rather 
scanty and our loiowlcdgc here limited. 

The present paper reports a study of the ripening process of the 
reticulocytes into mature non-reticulated erythrocytes. 

When blood is stored the reticulated erythrocytes gradually 
disappear. This was shown for the first time by Pepper (1922) 
who incubated human or rabbits’ blood stabilised with citrate at 
body temperature while blood stored at 4° showed no alteration 
in this respect. The same was seen by Seypaurt (1927). Heath 
and I) ALAND (1930) found that reticulocytes in vitro at 37° or in 
the pleural cavity of the rabbit could after a few days no longer be 
identified by supravital staining, decreasing at a regular rate from 
the first day. The rate was similar for reticulocytes from rabbits 
which had been bled or made anemic with phenylliydrazin, and 
from patients with hemolytic jarmdice or pernicious anemia. The 
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rate was slower at lower temperatures and reticulocytes persisted 
in blood kept in the ice box for six months. Krapta (1931) con- 
cluded that a temperature coefficient for the los.s of .specific .staining 
qualities in aiiimals after death is indicated and is of the order of 
tliat for chemical react ion.s. 

The mechanism of this di.sappearance, of the reticulated cells 
lias been the .subject of several investigations though merely from 
a morphological point of view. 

The amount and the appearence of the reticulum in the cells 
varies. Cesaris-Dkmel (1907) found different types of reticulo- 
cytes according to the amount of stainablc substances in the cells. 
Investigations of SEVK-AiinT (1927), Seyi’ahrt and JilRaEX.s (1928), 
3roLDA'w.sKy (1928), Gawrilow (1929), Riddle (1930), Hk.atii 
and D.alaxd (1930), llosix and Bibergeil (1901) showed that 
the types containing much of the substance which aggregate.s in 
tlie form of a reticulum are to be regarded as younger cells while 
the cells containing lesser amounts are to he regarded ns older 
stages of the reticulocytes. The comparative age of the rcticulo- 
c^dcs can be estimated from the stained film, the heavily clumped 
and ■wTcathed forms being the most immature and the .sparely 
reticular and punctuate forms, the older cells. Biddle (1930) 
estimated from investigations on patients with pernicious anemia 
tliat reticulocytes with very little reticulum material disappear 
within 24 liours, but that younger reticulocytes differentiate into 
mature cr\dhrocytc.s in from two to four days, depending on the 
intensity of the stimulus to regenerating. 

]vxpcriment.s with blood incubated in vitro show that fir.st the 
older forms disappear and later the younger forms (Heilmeyer 
and 'Westhau.ser (1932)). Both Pepper (1922) and Inter on 
Heath and Dalaxd (1930) found that the reticuloeylo.s wore not 
replaced by structureless adult erythrocytes hut by cells con- 
taining stainablc granules. The cells mentioned by Pepper (1922) 
and Heath and Haland (1930) must, liowovcr, bo regarded ns 
the olde.st stage of the roticnlocytcs; and the re.sults of the coun- 
lings by Heilmeyer and WE.sTHAnsKR (1932) .show that even this 
typo of reticulocytes disappears when the blood is incubated long 
enough. 

Furthermore it is shown that all ervthrobla.sts containing hemo- 
globin arc heavily loaded with reticulum. From this fact and from 
the inve.'iti gat ions mentioned it must be concluded that the refi- 
culocyte.s are unripe red blood cells which, from types with clumped 
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reticulum tlirough types with decreased amounts ripen into mature 
erythrocytes. 

Several authors have estimated the duration of the reticulocytar 


stage and find the following figures: 

Pepper (1922) 72 hours 

Denecke (1923) 72 ,> 

Eiddle (1930) 24 72 » 

Seyfahrt (1927) 24 » 

Heilmeyer and Westhauser (1932) 48 » 

Gordon and Kleinbero (1938) 96 — 144 » 

Heath and Daland (1930) 72 — 96 » 


Eecapitulating our knowledge of the ripening process of the 
reticulocj’tes it is stated 1) that the reticulocytes ripen through 
more mature types into normal “adult” erythrocytes, 2) that the 
ripening process even goes on in vitro, and 3) that it is accelerated 
with increasing temperature. In the present and in following papers 
it vdll he shown that the ripening process is not spontaneous but 
induced by substances foimd in the blood plasma and in some 
organs and tissues in the organism. 

Teclniiquc. 

The reticulocytes in rabbits’ blood were used. Only males weighing 
from 2,000 — 2,500 grams were used; they were kept singly and fed 
with turnips and cabbage leaves. When fed with hay additional water 
must be given. In order to obtain a reasonable accuracy in counting 
the reticulocytes the animals were brought into a chronic anemic state 
through bleeding which is accompanied by a considerable reticulocyto- 
sis. This was done either by heart puncture or by bleeding from the 
car into the Sjovall apparatus (1936). Daily 30 — 50 ml. of the blood 
was taken. 

After a week’s treatment the animals get a hemoglobin percentage 
of 40 — 50 and a red blood cell count of 2 — 3 mill, per c.mm. with 20 — 30 
per cent reticulocytes. This state can be maintained during a month 
or more before the animals die. 

In a ripening experiment 40 ml. blood was taken in 10 ml. 3.S per 
cent solution of sodiumcitratc. After scrupulous mixing, portions of 
2.5 0 ml. were put into 10 ml. centrifuge tubes each containing 2 — 3 
glass beads. 

Before each test the blood must be mixed thoroughly for at least 2 
minutes, without shaking, in order to secure the same percentage of 
reticulocytes in each tube as the reticulocytes sediment more slowly 
than the mature erythrocytes. The tubes are then centrifuged for 5 
minutes at 3 — 4,000 revolutions per min. The plasma is sucked off and 
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the blood cells -prasbcd vrith. 5 ml. O.s per cent soditim chloride which 
niter a second centrifugation is discarded. 

The solution to be examined arc then added to the washed orrthro- 
cjtes, mixed at least for I minute, and placed in four small test tubes 
with 2 — 3 glass beads in each. The test tubes arc closed with rubber 
stoppem and given the numbers I — ^TVl The reticuloc\*te percentage in 
tube I is determined at once while the others are placed in a thermostat 
and rotated vertically at the rate of 30 — 35 revolutions per minute. 
Tube n is examined after 2 hours, tube III after I, and tube IV after 
G hours incubation. 

The counting of the reticulocytes was performed in the following way; 
In a small test tube are placed 2 — 3 glass beads and 0..'> ml. of a solution 
of 0.15 g brilliant cre.syl blue in 100 ml. O.o per cent 2\aCl. Alter mixing 
the blood to be tested for 1 minute (stopwatch) two or three drops of 
the blood arc added to the solution of the dye, mixed, and kept for 20 
minutes at room temperature. The content of the tubes Is tlion mixed 
for exactly 1 minute and a drop placed on a .slide and covered with a 
cover glass. The drop must he large enough to fill the entire sp.nce 
between .slide and coverglass. 

We counted 2 x 500 red blood cells. 75 rcticulocj’tes per 500 cells 
gave a mean error of i 2." reticulocytes corresponding to 15.o per cent 
rcticidoc}*tcs rirO.54 and 10 reticuloc}ics per 500 cells gave a mean 
error of i 2.2 corresponding to 2.o per cent reticulocytes i 0.4 4 i. o. 
the error increases with decreasing percentage of the rcticulocjdc-s. 


Kcijults. 

Tabic 1 shows the result of a typical experiment. 


Table 1. 

Fall in the rclicidociiic number bi/ incubation at -tO' in saline, plasma, 
and saline udth liver extract. No haemolysis in any tube. 


Glass ISo. 


Red blood cells 
piispcned in O.S 
per cent KnCl 


Red blood cells ii 
snspended in j 
rabbits' plasma 


Red blood cells sn- 
spended in 0,9 pet 
cent h'nCl villi 1 per 
cent concenlratwl 
liver extr.art 
(Hcpsol fort. MCO) 


■ 

, 

Per cent 
reticalo- 
cj'tes 

Millions 
of erytb-J 
rocytes i; 
pcrc.mtn.*; 

Per rent 
rcticalo- 
cytes 

Stillions 
of crj’lb-: 
rocytes > 
perc’mni/; 

Per cent 
retienlo- 
eytes 

.Millions 1 
of crylh- | 
rocyies i 
perc.mro. | 

I Before in- 
cubation . . 

11.4 

: 

2 . 07 . ■ 

2.9C 

Il.O 

3.00 

10.5 

1 

! 

5 

HOC I 

II 2bonrsnt40' 

lO.s 

0.9 

3.12 i 

0.2 

O.Oa ! 
1 

III •Ibor.RntIO’ 

10.2 

2.90 ^ 

S.S 

2.92 

8 J 

2.91 ' 

i 

IV ft hon.'s .at 40' 

0.5 ; 

2.94 I' 

7.t* 

2.SS > 

6.5 

2.!^C 1 
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It is seen that the "spontaneous” decline in reticulocytes when 
incubated in physiological salt solution is only shght and that it 
can be accelerated considerably when the incubation is performed 
in plasma or when a small amount of liver extract is added to the 
saline solution. Thus the latter mediums must contain principles 
activating the disappearance of the reticulocytes. 


I 

ir 

iir 

lY 


@©00 


Fig. 1 . "Diffcrcntialion o£ tLc Tcticulocytes. 

Group J. Heavily dumped forms. 

TIic reticulum is very intense and lies in the centre of the cell, often it has 
the form of n ring. 

Group 11, Wrenthed forms. 

The reticulum lies ns a wide methed net covering most of the cell. 

Group III. Sparsdy rdiculnr forms. 

The structure of the net begins to disintegrate but the greater part of it is 
still preserved. 

Group IV. Punctuate, forms. 

The supravital ssainable substance is mainly seen in the form of granules 
of which only a few are connected with each other by a filament. 


It can be clearly demonstrated that this disappearance is due 
to a ripening process. According to the age of the reticulocytes 
these cells appear in different types. I have used the following 
differentiation described by Trachtenberg (1932) and applied 
to reticulocytes incubated in vitro by Heilmeyer and West- 
HAUSER (1932) (Fig. 1). 

During an incubation experiment the different groups were 
altered as shown in Table 2. 

It is seen that the disappearance of the reticulocytes occurs in 
the younger groups and the younger the group, the more marked 
the result. The number of reticulocytes in group IV is mainly 
unchanged and this is in accordance with the abovementioned 
findings bv Pepper (1922) and by Heath and Daland (1930). 
This means that the ripening of group IV into mature red blood 
corpuscles progresses at the same rate as the ripening of the other 
groups into type four. 



264 


CLAL'S MCKK PLUM. 


Tnblo 2. 

Per vxilk rcticulociHes of the differeni (troups during inculaHon. 


I Incubated ill O.O 
j per cent XaCi 


Incnlmtcd in ‘'f 

r.abbits’ plasma 

* .• #*^TiT liV'str I 


■ ■ ■ 1' 


III 

IV 

to- 

tal'^ 

" 

i 

M 

f 

1 

* 

11 

III 

IV 

to-:^ 

tal 

‘ 

1 

I i 

i 

II 

III 

; j.-ito- 

i ^ 

I lierore inenba- 





I 

1 




; 

1 

5 



\ 

tioii .... 

36 

44 

57 

61 

198. 

37i 


53 

61 

’201 

37; 

47 

52 

58191 

11 2 honrs iocub.a- 





i 

1 




) 

( 



1 

tion .... 

31 

42 

58 

62!193; 

2Gj 

49 

53 

60 

188' 

22j 

4b 

50 

50167 

Ill 4 hours inenba- 





t 

t; 

I 




1 

j 




tion .... 

26 

45 

bi 

61 

186 i 

24] 

37 

44 

64 

169 

13: 

30 

49 

f.7|l49 
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1 tion .... 

23 

43 

53 

59 

17Sj 

17! 

36 

38 

66 

ir»7. 


21 

32 
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The ripening process of the reticulocytes follows the inono- 
rnolccular equation: 

k ~ log. 

I ° a- 


■X 


where I is the time of incubation, here in hour.s, a the number of 
reticulocytes at the beginning of the experiment, and .t the num- 
ber that disappeared during t. (Table 3.) 


Table «. 

2’he decrease of rcliculoci/ics folloirs the vionomolecular rquntion. 


Glass Ko. 


i Iiiciibalcd in 0.5; 
; jior cent 

■Per millc 
. rcticulo-' 
evtes 


0.5 JHT cent 
' Naf:! -t 1 per 
; rent liver extract 


! I’er niillel 


1 ’ * ''* *“’**'', I ^ ; Per niillc I 
— reticnio-j _ |„_ relicnlo-!-- 

t a-Xj tA-tes I* cyies 


a 


■■ O.D per cent 
;; NnCl -■>- 2 per 
j; cent liver citrst t 

d'er inillc| j 
reticiilfi-,--- loi* 

• .vtcK 


1 lierore in-, 
eiibinntion ' 

136 ! 

130 

11 2 liour.s iti- 
cubinfttloM . 

128 ■ 0.0I41 

J13 

Ill 4 hours i«- 

ce.binatiou ; 

1 ' 

{ J 

121 i O.0103 •; 

98 

IV 6 hours in-; 
eubination \ 

i ; 

116 1 O-otiB ; 

an 

.tvrraco of 
c^nistanis 

0,Ol‘.>2 i 

0. 


j' 

1 

140 1 

i 

■ 

KM 

f 

I 

i 

i 

f 

O.osos j; 

{ 

112 

O.olsr. : 

90 

; 0.0870 

O.0.T12 

86 ’ 

! 

O.0.M5 ; 

66 

i 0.077.'. 

0.0328 j: 

69 ! 

0,05 ir, ; 

•17 

i 0.0700 

in 

o,o.')0r 

no 

“02 
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It is seen from Table 3 and yet more from the foUowing Tables 
4 and 5 that the monomolecular constant k depends on the con- 
centration of ripening substances in the suspending medium. If 
the monomolecular constant from the spontaneous ripening pro- 



Fig. 2. Dependences of constants on concentration of ripening substances. 

cess in saline, is subtracted fiom iy, the monomolecular con- 
stant found ^vhen some ripening medium is added, the real ripening 
constant, I;, will be found. This constant is proportional to the 
concentration of the unknown ripening principles contained in 
the solution. Table 4 shows this with hver extract and Table 5 
the same with diluted plasma (see also Fig. 2). 


Table 4. 

Dependence of consianis on concentraiion of ripening substances 

(liver extract). 



0.9 per 
cent NnCl 

0.9 per cent NaCl with addition of liver extract 


0.6 per 
cent 

1,0 per 
cent 

2.0 per 
cent 

4.0 per 
cent 

K 

0.018G 


_ 

— 





0.0248 

0.0381 

0.0584 

0.0948 

II 

.sT 

0 

0,0109 

0.0245 

0.0898 

o 

b 

00 

c> 
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Table 5. 

Dependence of consiants on conceniraUon of ripenintj subdanca (plastna). 


'■ j 0.9 per cent KaCl dilated with 

i 0.9 per cent 



: NaCl 

1 

I 

! 

25 per cent 
plasmn 

50 per cent 
plasraa 

100 per Cent 
plasna 

h* 

i 

. ; O.OIIC 

' ~ 

- 


1 

. ; — 

0.0145 

0.0175 

0.02S5 

1 = k . . 

• ! 0 

O.0029 

0.0059 

0.0U9 


The constant h does not depend on the absolute amount of 
tipening substances used, only on the concentration ns shown in 
Table 6; the same quantit}' of blood corpuscles are suspended in 
1, 2, 4, or 10 ml. The constants k, and Av.and vrith them k remain 
unaltered. 

Table 0. 


Independence of monomolccnlar conslanis of ihc amount of suspendini} 

liquid. 



! 

0.5 c.c. blood corpusclcii Bospended in | 


1 c.c. 

2 c.c. 

4 c.c. 

lO r.c. 1 

I 

0.9 per cent KuCl k. 

0.0116 

0.011& 

O.oitr 

1 

1 

O.OIH 1 

0.9 per cent iritli 1 
per cent liccr 
extract . . . . k^ 

0.0271 

0.02C9 

0.02C4 

1 

0.02CC ! 

Plasma fcf 

0.0234 

0.0229 

0.0225 

O.0230 1 


Table 7. 

Dependence of k , k- and k on ihc icmpcralurc of tnculalion, 

* J 


j Temperatnre of inenbation: 

1 

1 1 


j S7' 1 
: ! 

■1 

' 1 
i Incnb^itt'd in 0.$ pf^r | 

I i 

[ 

^ ! 1 

; O.OODO; O.ooicj 0,0040^ 

j i 

1 0.0074 ■ 

i I 

: O.0055 j 

! cent 5aCj ..... j k^ , 

• O.ooooj 

Jlncabated in plasma j* kj 

O,0000 1 

O.OOIC i 0.00tu 1 0,0149 j 

1 0.0244 : 

0.0501 1 

i (rabbill [i k 

O.ooof) i 

: O.ooic ; 0.004.5 1 0.0109 

0.0170 i 

0.1)220 ; 

■ Ii'.rnbatfd in 0.9 prr . 

c>'nt KaC! + 1 per,'! t 

O.oono 1 

1 J 

: O.0O22 = 0.007I i O-Ol**! 

0.0 'is 5 : 

; 0.0212 : 

0.0501 

; cent liver extract . fj k 

i O.ocoo i 

0.0022; 0.0055; 0.0141 i 

0.0 '.’Oil ; 
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As could be expected tbe constants depend very much on the 
temperature. Table 7 shows the results. Temperatures above 40° 
cause hemolysis. When the constants found at the temperatures 
investigated ate put in relation to the constants obtained at 40° 
it can be shown that the temperature coefficient is th^ same re- 
gardless of whether the maturation is induced spontaneously, by 
liver extract, or by plasma (Table 8). 

Table S. 

Relalive variance of h with the temperature, of incubation. 


Temperatnro of 
incubation 

4° 

10’ 


30' 

ST 

40" 

Incubated in 0.9 per cent 
NaCl. Variance ol 
1-40° =100 

0 

0 

16 

42 

so 

100 

Incubated in plasma. Vari- 
ance of k k 40 = 100 . 

0 

7 

20 

48 

75 

100 

Incubated in 0.9 per cent 
NaCt with 1 per cent 
liver extract. Variance 
of b 40’ = 100 . . . . 

0 

8 

21 

53 

80 

100 


Table !). 

Consianis found on different daps worlcing with Hood corpuscles 
from rabbit IJfS using 1 per cent liver e.xiract 0 — GG as a ripening 

substance. 


Date 

Per millc 
reticulocytes 


from 1 per 
cent liver 
extract NO. 0 — 66 

k 

M.ay 16, 1941 ... 

62 

0.0082 

0.OS09 

0.0227 

May 27,1941 . . , 

67 

0.0091 

0.0308 

0.0217 

June 2, 1941 . . , 

82 

0.0082 

O.osoi 

0.021G 

June 4,1941 . . . 

91 

0.0093 

0.0317 

0.0224 

JJnne 6,1941. . . 

102 

0.0098 

0.0804 

0.020G 

June 9, 1941 . . . 

104 

0.009.S 

0.0307 

0.02U 

• 

June 13, 1941 . . . 

112 

0.0093 

0.0320 

0.0227 

Jnne 19,3941 . . . 

134 

0.0089 

0.031G 

0.0227 

Jane 23,1941. . . 

156 

0.0091 

0.0814 

0.0223 

Jnne 25, 1941 . . . 

188 

0.0097 

0.0323 

0.0226 
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• 26 B 

The experiments given in Tables G and 7 were not innde on 
one and the same day but they were perforracd with blood cor- 
puscles from the same rabbit. It- is evident that the constants 
found from day to day with blood cells from the same animal and 
u-ith the same concentration of ripening substances from the same 
batch, are the same regardless of the original number of rcttculo- 
cyte.s in the blood. 

00300 
OOiSO 
00 f £0 

00/40 
00/30 
00/00 
oooso 

00 / 

rig. 3. Relation bctvrccn spontancons and indncctl maturnlion. 

V single determination 

O avernge of 2 determinations 

T » » 3 » 

# » » 4 * 

■ • » n • 

faver extract 0 — GC. 

An example is given in Table 9 and the same is found in several 
other similar c.xperirnents. 

When blood from different rabbits arc used as objects ly, 
and h arc, liowcvcr, found to vary from rabbit to rabbit. Tiie 
lowe.st ly found among the first 31 rabbits was 0,0075 and the 
highe.st found 0.0189. When 1 per cent liver extract 0--6G is 
u.^ed k varies among tlic same 31 rabbits between 0.0130 and 
0.0217. 

Fig. 3 .shows the values for ly and h on the 31 first rabbits 
e.xamined. Two animals show relatively high .spontaneous ripening 
velocity and arc above average of the Jc vahies found. Apart 
from this no relation between the ability to .spontaneous ripening 
and tin; ability to induce ripening is seen. 




Table 10. 

The testing of some liver extracts by the use of a standard. 
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As I- varies i 25 per cent from the mean with the rahbit which 
gives t)ie reticulocytes applied in tlic experiment we liave foutid 
it necessary to use a standard wlicn determining the concentration 
of ripening substances in solutions to be tested. 

■When this is done, the results obtained \vitli the different rab- 
bits can be compared. As a tmif we have defined the concentration 
of ripening substances in ox plasma for reasons I shall give in a 
following paper. Our standard, 1 per cent liver extract -Hcpsol 
fortior — batch 0 — 66 contains approximately 0.?7 unit. 

Finally in Table 10 I shall give an example of the testing of 
different batches of liver extract showing that when the .•standard 
is used the results can be reproduced with fair accurac}*. 


Summary. 

WJien reticuloc\i:es in vitro arc suspended in physiological .salt 
water and incubated at 40° the reticulocytes disappear only very 
slowly. 

The rate of disappearance can be accelerated considerably by 
adding liver extract to the salt solution or when the reticulocytes 
are suspended in plasma. 

The youngest and most unripe types disappear first. The dis- 
appearance thus mu.st be due to a maturation of the rcticulocytc.s 
into “adult” erythrocytes and this process must be accelerated by 
some unknown ripening substances found in plasma and liver 
extract. 

The ripening process follows the monomolecular equation. 

The monomolecular constant is proportional to the concentra- 
tion of ripening substances in the suspending solution. 

The monomolecular constant increases with increasing tem- 
perature. 

When reticulocytes from the .same animal arc u.scd, the mono- 
molecular- constant found at different times is the same if the same 
concentration of ripening substances is used in the experiments. 

The monomolecular constant can vary i 25 per cent when 
reticulocytes from different animals are used. The proportion be- 
tween two tested solutions i.s, however, always the saine, imic- 
pendent of the animaLs used. 
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On the Chemical Nature of the Kcticnlocyfe 
Eipening Principles in Liver. 

By 

ERIK JACOBSEN and CLAUS MUNK PLUM, 

(Received 23 May 1942.) 


In an earlier paper Plu.m (1942) has proved the existence of 
certain principles in blood plasma and liver extracts able to acceler- 
ate the ripening of reticuloc}i:cs in ■vitro. In the prc.sent i)aper we 
de.scribc some chemical propcrtic.s of these principles. 

As the ripening substances arc found abundantl}* in liver ex- 
tracts for parenteral u.sc vre have used this in our attempts to 
isolate the active factor or factors. 

Very early it was shown that the reticulocyte ripening principle 
was thermolabile as liver extracts lose their actirity after heating 
5 minutes on a boiling water bath. Thus it cannot be identical 
with the principle active against pcrniciou.s anemia which in liver 
is heat stable. 

Our experiments were carried out with a liver e.xtract prepared 
according to Kyeb (1935). 

Preliminary experiments with .saturation with ammonium 
.sulphate gave no complete precipitation of the active principle 
and precipitations with Ileinickc salt gave only poor yields and 
little concentration of the active principle. Ver\' early we found 
that tiie liver extract lost its reticulocyte ripening power after 
being treated with floridin practically without loss of the remain- 
ing dry substances. It wa.s, however, difficult to elute the prin- 
ciple.'? from the floridin. Diluted liydroeddoric acid and dihitcfl 
ammonia proved ineffective in this respect. '\Vc found that 70 
per cent alcohol ami licjuid phenol was able to elut^ the reticulocyte 
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ripening principle. Tlie phenol, however, gave a more concentrated 
yield. The concentration was several hundred times as it was 
foimd active in concentrations of less than 1 : 100,000 of dry 
matter but the yield was rather small. As the loss was consider- 
able we imagined that the effect of the principle was due to several 
factors. Hence we tried to add liver extract, made inactive by 
shaking with floridin, to the floridin eluate and really found a 
considerable rise in the reticulocyte ripening power of the latter. 
Thus the solution of the non-absorbable substances which per se 
is inactive, must contain some factor or factors able to increase 
the activity of the reticulocyte ripening factor being absorbed by 
floridin. 

Chemical Nature of Activating Factors in the Non- 
Absorbable Part. 

The activating factor is thermostabile and stands boiling for 
several hours. We tried to precipitate this factor with Eeinicke 
salt, phosphotungstic acid, silver-, mercury-, copper-, and lead- 
salts without satisfactory results. We found, however, that the 
activating factors could be extracted with n-butanol from which 
after concentration it could be precipitated with ethyl ether. 
This procedure gave a concentration of five to ten times. After 
the precipitate was dissolved in water and ethanol added, 1 — 2 
per cent of the total dry substance was precipitated. This precipi- 
tate was very active and was identified as l-tyrosine. Experiments 
showed that synthetic 1-tyiosine had the same activating effect 
as the tyrosine isolated from the liver extract. Furthermore, 
estimations of tyrosine according to Greenberg (1929) proved 
that the total activating power of the butanol extract must be 
due to the tjrrosine found in this fraction. After the precipitation 
of the tyrosine the fraction showed practically no activating effect. 
Comparing the effect of the liver extracts absorbed by floridin 
with water solutions containing the same concentration of tyrosine, 
we found that the pure tyrosine solutions had a greater activating 
effect than could be expected from the tyrosine analyses of the 
liver extract. This can be due to the fact that the tyrosine analyses 
applied are not specific as they react on phenol groups. Another 
explanation is that the liver extracts contain some coimteracting 
substances. We have actually found inhibiting substances in 
some of the fractions prepared. 
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Experimental. 

The method of preparation is summarised in table 1. 

Table 1. 

Schev\c of preparation. 

Liver extract 0— Sb drv matter 72 p in RX) ml. 


absorbed bv floridin doted not nbsi 3 rl>fd''b:r fioridin 

■with phenol drv matter t:} <? 

Fraction Jl Fraction D 

drv matter 60—65 rag ! 

extracted -with 
botanol, preci- 
pitated with 

CthCT 

Fraction DK 
dry matter 
b—S g 


dissolved in ■water 
precipitated with 
alcohol 

Tyrosine 0.: g 

500 ml liver extract 0 — 85 with 14.4 per cent drj’ matter and each ml 
corresponding to 190 g fresh liver is shaken for one hour with 10 g 
floridin and sucked off. The floridin is -washed with 100 ml distilled water 
and shaken twice with 100 ml 70 per cent alcohol sucked off and dried. 
Then the floridin is eluted for one hour tvith 40 ml liquid phenol at 
40’- — !5°; this is repeated three times in all. Tlic combined phenol 
phases, total 125 — 130 ml, are dissolved in 3 litres distilled "water 
which is shaken four timc.s with each I.s litre ethyl ether in a scparatoiy 
funnel. The water is then evaporated under reduced pressure to 250 c. c. 
This fraction is called fraction U. Its content of dry matter is 25 mg 
per 100 c. c. 

The filtrate from the absorption is called fraction D which contains 
14.4 per cent dry matter. 

100 ml of fraction D is shaken eight times m'th each 100 ml normal 
butanol. From the fonrth or fifth extraction the water pha.se is very' 
concentrated and must be diluted to 50 ml before each further extrac- 
tion. The collected buUnol extractions arc cleared by centrifugation 
and evaporated under reduced pressure to a total volume of 100 ml. 
When the water in the butanol is driven off a white substance, precipita- 
tes as the extracted matter is less soluble in pine than in watery butanol. 
To the residue and precipitate is added 300 ml ether. The brovt-nbli 
precipitate is centrifugated off, ■ivashed three times with ether and 
dried in an exsiccator over Hulphuric acid in vacuo. As it v>- very* hydro- 
scopic it must be stored under similar conditions. Yield of thm fraction 


Fraction J)J 

dry matter 

65 g 
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DE is 1 . 2 — 1.5 g per 100 ml. D extracted. 10 g DK are dissolved in 
40 ml distilled water and 40 ml alcohol added; the white precipitate is 
filtrated off, washed with little ice water and alcohol, and dried. Yield 
0.34 g. Tyrosine analyses of this substance according to Greenberg 
(1929) gave 98 per cent tyrosine. 

Elemeniary Analyses. 

C found 59.3 per cent, calculated for tyrosine 59.7 per cent 
H » 6.37 » )> » » » 6.12 » » 

N » 7.75 » » » » » 7.73 » i> 

The reticulocyte ripening activity of the original preparation 
0 — 85 is described in a paper by Plum (1942). 

. Table 2 shows the monomolecular constants k with varying 
concentrations of a preparation of H diluted with 0.9 per cent 
sodium chloride vdth and without 5 per cent of fraction D added. 

Table 2. 

Activation of the reticulocyte ripening power of preparation H with 
preparation D. The solution of H was made isotonic by adding 

sodium chloride. 

kg = monomolecular constant of spontaneous ripening. 

kf = » > > ripening induced by some factor. 

k kj — kg, 

kg and kj average of constants calculated after 2, 4 and 6 hours incubation. 


Reticulocytes incubated at 
dO’.vrith solutions containing; 

1 


k 

per cent 
H 

per cent 
D 

C.C. 

H- 

c.c. 

D 

c.c. 

0.9 per 
cent NaCl 

0 

0 

2.0 

0.016G 

_ 


0 

0 

0.2 

0 

1.8 

— 

0.0210 

0.0054 

10 

0 

0.2 

0.1 

1.7 

— 

0.0422 

0.0266 

10 

5 

0.4 

0 

1.6 

— 

0.0214 

0.0068 

20 

0 

0.4 

0.1 

1.B 

— 

0.0543 

0.0387 

20 

5 


Fig. 1 gives an experiment showing the activating effect of 
the preparations D and DK. This experiment was carried out as 
described in the experiment given in Table 2 but here the ripening 
and activating substances to be tested were diluted with plasma 
instead of physiological saline solution. In some cases the blood 
cells have some tendency to aggregate. This is prevented by 
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Fi;r. 2. Activatinc^cilcct of synthetic 
tyro'tnc and tyrosine from liver 
extract. 

X Aciivntins effect of Bynlhctie 
l-tjTOSine 

O Activating effect of tyrosine 
from liver extract 



Fig, 3. Actirnfion of S % H irith 
fraction DK and ■with 
1-tyrosinc. 

O Activiiting effect of pare 
1 -tyrosine 

X Activating effect of DK 
based on the tyrosine content 


using pla.sma as a suspending medium which makes the counting 
easier and more accurate. It is seen that the ripening substancea 
in plasma arc not activated by D and DK and that the butanol 
material extracted in this experiment jnclds on purification seven 
times the original activator used. 

Fig. 2 show.? that htjTOsine, prepared in the described vvay 
from DK, has the same activating effect as synthetic I-tyrosine 
while fig. 3 prove.s that the tj'rosine content in the preparation 
DK corresponds satisfactorily to the activating effect of the. con- 
centration found in this fraction. In these experiments too the blood 
corpu.«cle.? arc .suspended in plasma instead of in salmo solution. 
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Summary. 

The reticulocyte ripening principle in liver extracts consists 
of a thermolabile fraction -which can be absorbed by floridin and 
a thermostable fraction -which cannot be absorbed by floridin. 

The latter fraction has only little effect by it-sclf but activates 
the effect of the thermostable component. 

The thermostable activating component is identical with 
1-tyrosine which is found in the liver extracts. 
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Amino Acids and Tyrosine-like Substances 
as Activators of tlic Eeticnlocytc 
Ripening Principle. 

By 

ERIK JACOBSEN nnd CLADS JTDNK PLUM. 

(Koccived 23 May 1942.) 


In a previous paper (Jacobsen and Plum (1942)} we do.«cribccI 
the division of the reticulocyte ripening principle described by 
Plum (1942) into at least two fractions, a thermolabilc and a 
thermostable factor, the latter being identical vith tyrosine. 

In the present paper we give the results of investigations with 
other amino acids and various t)TOsinc-liko sub.stnncos in re- 
spect of their activating power in reticulocyte ripening. No other 
amino acid than tyrosine including phenylalanine pos.se.ss any 
activating effect. Experiments with tyro.sinc derivatives show 
that the effect is not quite specific. A number of .substances with 
a plienol group and an amino group in the side chain all .show 
an activation. This configuration, however, is essential. If the 
OH group in the phenyl nucleus is displaced from the para to 
the mota position the effect has gone. 

From thc.ee experiraent.s we may conclude that even if an effect 
is found in some substances closely related to tyrosine, the acti- 
vating power of thi.s amino .acid is rather specific. 

Expcriinontal. 

The thennolnbile fraction H was prepared as de-scrnied in the 
paper by .Tacobsen and Plum (1942), Inver extract w.as treated 
with floridin and the floridin eluted wifli liquid phenol which 
was di.«solved in water and extracted with ether. The water 
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phase ^vas then concentrated under reduced pressure to half 
the volume of the liver extract used. This preparation was added 
in an amount of 5 per cent to the solution in which the reticu- 
locytes Were suspended. 

Table 1. 

Testing of glycine. 


Incubated in: 

mg per cent 
glycine in 
incnbntion 
solution 
corrected by 
adding 'vrater 
or H. 

Monomolecular 
constant of 
reticnlocjie 
ripening 

Increase in 
monomolecular 
constant dne to 
adding glycine 

ml H 

Water 

+ 1.9 ml 
0.9 per cent 
NaCi 

mg per cent 
glycine in 
added salt 
solution 

O.oo 

0.3 0 

0 

0 

O.0091 


0.0 0 

0.10 

4.M 

3.94 

0.0104 

O.OOIS 

O.oo 

0.10 

8.28 

7.88 

O.ollS 

0.0022 

O.oo 

0.10 

12.42 

11.82 

0.0120 

0.0029 

O.IO 

O.oo 

0 

0 

0.0218 

— 

O.xo 

O.oo 

4.14 

3.94 

0.0229 

0.0011 

0,10 

O.oo 

8.28 

7.88 

0.0241 

0.0023 

O.IO 

O.oo 

12.42 

11.82 

0.0267 

0.0089 


A tj’pical experiment was carried out as shown in Table 1. 
The concentrations of the amino acids were chosen so that they 
all had the same molarity. All the monomolecular constants 
arc the average of three determinations after two, four, and six 
hours incubation at 40°. 

The results of testing the amino acids investigated are collec- 
ted in Table 2. Ail the experiments were performed as described 
in Table 1 but the details are omitted. The amino acids were 
mostly obtained from Hoffmann la Koche while a few were 
kindly supplied by Professor Hinar Lundscaard. Their pmity 
W’as controlled by titration which showed a purity of 99.0 to 
99.0 per cent. 

The tyrosine derivatives investigated are put together in Table 
3. All the substances synthesised were prepared by one of us 
(E. J.) and used in a purity of 96 to 99 per cent. The experiments 
were carried out in a way similar to that described with the amino 
acids, but generally we used plasma as diluting liquid instead 
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Table 2. 

^dsrah'rtj poxcer of sotw ammo acsrf^. 
The letters a and b indicate isotaolar solntioss. 


Atnino acid 


I mg per cent 
) amico acid 
s in incnbatioa 
j solation 


Increase in monomolecalar constant ; 
dnc to the amino add when added 

to ; 


j 

j O.o per cent ^aCl 

1 

I 


0.9 per cent S’aCl \ 
mith 5 per cent H I 


) 

Glycine ; 

> •...•! 

y 

3.94 

7.88 

11.82 

a i 

b ! 

1 

i 

4 

O.oois 1 

0.0022 

0.0029 

O.oon 

O.002S 

O.O0S9 

d-Alanine i 

> 

> . . , • . i 

f 

4.65 

9.3 

18.7 

b * 

' 

0.0025 

O.O0S2 

O.OOSC 

0.0027 

0.0035 

0.0047 

; Gvstine 

' . ! 

12.83 

25.C5 

al.S 

! 

a 

b ’ 

O.O0S8 

0.004S 

0.0051 

O.0035 

O.0047 

O.0058 

: dl-Vnline ' 

> , , . • . 

12.8 

24.6 

a 

b * 

0.0018 

O.0083 

O.O0I7 

0.0033 

j l-Lencine ■ 

1 » ; 

13.8 

27.6 

a 

b 

0.0014 

O.0029 

0.0012 

O.0027 

1 ) 

1 Phenvlnlanine ... 1 
i , . . . ' 

17.5 

35.0 

a 

b 

0.0023 

0.0046 

0.0035 

O.0075 

! 

' l-Tyrosiiie . . . . ; 

y , , r . 

y , , . • 

> .... 

9.5 

19.0 
28.5 

35.0 

a 

b 

0.0020 

0.00.3S 

0.0048 

0.0056 

O.OIGI 

0.02.31 

O.0304 

0.0359 

I'Tryptophane ... I 

y . * . 

21 

42 

n 

b 

O.0021 

0.0028 

0.000.8 

0.0030 

! 1-Histidine .... 

i . .... 

22.1 

44.2 

a 

b 

0.0021 

i 0.0035 

( 

1 0,0012 

1 O.0029 

! l-Prolinc 

1 » : 

12.1 

a 

b 

O.0017 
'i O.oosi 

\ O.0016 

j 0.0024 

4 

i Asparagecic acid . 

i > > .: 

13.9 

27.7 

a 

If 

1 0,0011 

i O.00S2 

) 

; O.OOOl 

1 O.O028 

1 d-Glntamisic acid . ' 

1 » » . ■ 

17.3 

34.6 

a 

b 

! 0.0012 

i 0.0025 

; 0.0013 

i O.ooso 

! 

! d-Lysic" 

’ * , . . . . 

21.9 

43.8 

n 

b 

’ 0.0012 

0.0021 

j 0.0009 

( 0.0025 

f 

! .Arginine 

1 » 

18.7 

34.4 

a 

}> 

O.ooio 
, 0.0025 

! O.oois 

1 0.0025 
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Tal)le 3. 

The iyrosine-like siihsiances exaimned. 

-f -f and + = activation. 0 = no effect. — = inhibition. 






C 2- 


Name 



Formula 

CJ ^ 

ai 

Source 

1-tyrosine . . . 

181 

HO<^ 

CHjCH(NH;)COOH 


Hoffmann La Roche 



& Co. or from liver 
extracts. 




(ll-tyrosinc . . . 

181 



+ + 

Synthetic after 



OH 


Erlexmeyek and 
Haesey (18991. 


di o-tyrosine . . 

181 

N 

\ CH,CH(NH,)COOH 

0 

Synthetic after 


* 



John sox and Scott 




OH 


(1915). 

dl m-tyrosine . . 

181 


^ CHjCH(NHj)COOH 

+ — 

Synthetic after 

Blesi (1908). 

p-methox\’pheTiyl- 
alanine. . . . 195 

CH,0 / 

^ CHjCH(NHj)COOH 

0 

Synthetic after the 




method of Johnsox 

po-y m-methoxy- 
phenylalanine . 212 

OCH, 

HO )> CHjCH(NH,)COOH 

-t 

and Scott (1915). 

Synthetic after the 
method of Johnson 




J 


and Scott (1915). 

Dijodtyrosine 

433 

HO<(^ 

CHjCH(NHj)COOH 

+ 

Hoffmann La Roche 
& Co. 

1-tyrosineethyl- 
ester 

209 



^ CHjGH(NHi)CO • OCjH., 

+ 

Synthetic with HCl 
in alcohol. 

Tyramine . . 

173 

HO<^ 

^ CHjCHjNHj, HCl 


Hoffmann La Roche 
& Co. 

Oredrine tartrate 242 

ho/ 

/CHOH CH,-NH CHa, iC^HjOe 

+ 

Dispensatorinm 



\ 



Danicnm. 

/?-p*oxvtihenyl- 






isopropylmethyl- 
tmine .... 214 

HO<( 

J\CHjCH(NHCH3)CH3, IHjSO, 

+ 

>Syncordan> MCO. 



HO 




1-adrenaline . 

219 

HO<^ 

\ 

""/CHOH CHjiNHCH,), HCl 

+ 

Phannacopea Danica. 

Phenylamine . 

165 

/“ 

\ 

\ CHjCH{NHj)COOH 

0 

Hoffmann La Roche 
<£ Co. 

/9-pIienylethyl- 
amine . . . 

167 

/~ 

\ 

^CHjCHjNHj, ^HjSO, 

0 


p-oxyphenyl 

1 pyruvic acid 

168 

ho/ 

CHjCO • COOH 

-p 

Synthetic after 
Neubauer (1909). 

p-oxyphenyl 
lactic acid . 

. 170 

HO<(^ 

CHjCHOH • COOH 

- f - 

Synthetic after 
Hotake (1911). 


19 — i22l95. Ar.ta ‘ohvs. Scandinav. Vol.i. 
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of saline solution as tins procedure made the countings nuicli 
easier. The results of the ripening oqierinients wth tyrosine-like 
substances arc given in figs. 1, 2, 3, 4, and 5. In order to coinpim- 
the substances invcstig.atcd. figures shelving equivalent .nmounts 
arc plotted on the abscissa. 



Fip. 1. Twlins of tyrnmine, tyrosinc-cthylcstcr nnti oxedrin. 

X tyrosine. 

O tyrnmine. 

A tyrosinc-cthylcstcr 
-f- oxedrin. 



Fi;;. 2. Testing of tyrnmine, adrenalin, 
diiodotj-rosine nnd j/^-phcnylctbyl- 
arninc. 

X tjTOsine 
O tjTamine 
• l-sdrtnalin, HCl 
-u diiodotyrosinc 
A j3-phenylethyliirair.e 



lOJgy — 

OOOf 0002 0003 OOOi 0003 OOOSfi 

Fig. 3. Testing of l-mcthoxynhcnyl- 
nlaninc and 4-oxy-3-inctl)Oxyp}ienyl- 
aktiinc. 

X tyrcrtine 

O 4-racthoxyphe’nylalaninc 
• •i-oxy-S.mcthoxyphenyl.'ilanitie 
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m-tyrosinc. 



Fig. Testing of p-osyplienyl- 
pyru\"ic acid and p-oxyphenyl- 
lactio acid. 


X I -tyrosine 
A dl-tyrosinc 
# o-tyrosinc 
O m-tyrosino 


X tyrosine 

O p-oxyphenyl-pyruvic acid 
p-oxyphenyl-lactio acid 


Discussion. 

None of the synthetic substances possess greater activating 
effect than the 1-tyrosine, dl.-tyrosine has only slightly less 
effect than, l-tyxosine. The d't 3 rrosine must thus have consider- 
able activating power. 

As to the side chain, the carboxyl group is desirable but not 
essential to maintain the effect. Both tyrosinethylester and tyra- 
mine activates fairly. It is difficult to decide if the amino group 
must be present or not, p-oxypbenylpyxuvic acid and p-oxy- 
phenyllactic acid are effective. It is, however, possible that these 
substances can be transformed into tyrosine in the blood cells. 

The amino group can be exchanged with a methylamino group 
since both adrenahn and oxedrin (sympathol) show some effect. 
Nor does the induction of an OH group in the a position destroy 
the activating power. 

In the nucleus, however, the OH group is essential as phenyl- 
alanine and p-methoxyphenylalanine show practically no ac- 
tivating power. The phenol group must be placed in the para 
position since o-oxy-phenylalanine (o-tyrosine) is practically 
quite without any activity. 
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It i? very remarkable that m-oxvplicnylalaniiie (tn-tyrosine) 
not only possesses no activating effect but in some concentra- 
tions slio's's a considerable inhibition of the ripening of the reti- 
culoc\’tcs. A furtlicr investigation of this phenomenon will be 
treated in a forth-coming paper.. Finally our pro.sent experi- 
ment shows that the 2nd and the 0th posit ion.s of the nucleus 
can be blocked by iodine without complete loss of the activating 
effect. When the liydrogen in the 3rd position i.s replaced by a 
methoxyl group or by an oxy group (as found in ndrenaiin) 
the effect is only diminished but .still pre.sent. 

Since at present we know nothing about the mechanism of the 
induced ripening of the reticulocytes, it is too early to discuss 
the significance of the present findings. 

It is possible that tlic tyrosine may be tramsformed into .some 
indolin-derivative during there action with the reticular sub- 
stance, a reaction similar to that which happens when tyrosine 
is transformed into melanin. So far nothing speaks against this 
assumption, but the disemssion must be postponed until further 
c.xpcrimentnl re.sults are available. 

Summary. 

None of the 13 most common amino acids show any activat- 
ing effect on the reticulocyte ripening principle. Only tjTOsinc 
has this effect. Investigations on some tyrosine derivative.? .show 
that the phenol group is essential to the effect of tyrosine. Tlic 
phenol group must bo in para position to the side chain. The 
amino group can he, replaced by an oxo-, an oxy-, or a methyl- 
amino group. Minor changes in the molecule not affecting the 
OH group give only some reduction in the activity. 


Eoforonoos. 

Blu-M, L., Arch, exj), Path. Phnrmnk 190S. <55. 259. 

Eru:xme\t;p., E. jun., and J. T. Halsev, Ann. C'hemic 1899. J07. 
HI. 

Jacobse.v, E., and 0, M. Plum, in press 1912. 

JonN.soN, T. B., and W. M. .Scott, .1. Amer. chem. .Soct. 1915, 37. 
1846. 

Kotake, Y., iroj>pc-Seyl. Z. 1911. 69. -109. 

NEUBAVEn, 0., Chora. Zbl. 1909. 2. 50. 

FiX’ji, C. M.. in press 1942, 


From the Biochemical Department of the Medical Nobel Institute, 

Stockholm. 


A Colorimctrical Carboii-monoxifle-lieinoglobiii 
Method of Determination for Clinical Use, 

By 

KARL-GUSTAV PAUL .nnd HUGO THEORBLL. 

(Received 4 Jnne 1942.'i 


Carbon monoxide poisoning in one shape or another is one of 
tlic commonest forms of poisoning — perhaps, indeed, even the 
commonc.st. A large number of carbon-monoxide-hcmoglobm 
methods of determination for clinical use have therefore been 
worked out, of which the colorimetric methods have been those 
most used. (Ray, Blaib and Thomas (1932), Luszczak (1936), 
May (1937), Oetteb (1938 a and b), Matthes and Gross (1939), 
^Iay (1939 a and b) and Heibmeyer (1933)). 

Certain demands must be made of a good colorimetric, clinical 
HbCO method of determination. It must 

1) be easy to perform; 

2) be practicalile at any hospital at all without calling for 
any particularly elaborate extra apparatus; 

3) preferably be a micro-method so that samples may be 
taken from the tip of the finger or the lobe of the ear and venous 
puncture may be avoided. 

The majority of methods fulfil the above requirements. 

As appears from fig. 1, however, a certain amount of CO is 
dissociated from the CO-hcmoglobin when the blood is diluted, 
and the value obtained will thus be too low. All the methods 
listed in the references work with strongly dihited blood. The 
authors have accordingly vrorked out a method in which this 
source of error is avoided by means of making colorimetric de- 
terminations on the blood in very thin cuvettes, it being, thus 
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possible to dilute so slightly that the error arising from the di- 
lution may be obviated. As reading-instrument a Stufcu-photo- 
meter may be used, as it will be found in most larger hospitals. 
Greater accuracy could, naturally, be achieved by using a spect- 
ral photometer instead. And it is of course easy to adapt the 
method for thi.s apparatus if required. 



Fig. 1. Curve 1: HbCO-naturated blood is dilutetl up to 000 times; 
is added, followed by a colorimetric determination (curve 2). Curve 3 shows the 
same thing, but with renewed bublding with CO after the dilution. 


The principle: The pigments occurring in the blood — lib, 
IlbCO, HbOj and possibly MetHb are translated with reducing 
agents to two — Hb and HbCO. The percentage of HbCO in 
total-Hb can then easily be determined by Heilmaycr's elabo- 
ration of Vicrordt’.s method (Heilmeykk, 1933). According to 
the exprc.ssion: 



X= 100- — j 



1 

A 




where X = the desired %-content of the one pigment, in this 
cn.se HbCO. 


A ~ absorption-relation = 


concentration , ^ 

— — for jiiQQ at 

extinction coefficient 


the wave-length Aj. 
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concentration 

a = absorption-relation = — Tjt-t — r for HbCO at 

extinction coefficient 

the wave-length Ao. 

concentration 

B = absorption-relation = — r; — r- 7F ~- — r for Hb at the 

^ extinction coefficient 

wave-length P.j. 

. . concentration 

b = absorption-relation = — — n — 7 for Hb at the 

extinction coefficient 

wave-length 

Et 

Q = g-, where Ej and E- represent the extinctions at Ai and 
we can draw a curve with %-content HbCO and Q on the 


axes. 

The extinctions for Hb and HbCO are determined in a cuvette 
that will be described below. The thickness of the layer is thus 
constant. As, further, [Hb] and [HbCO] are of equal magnitude, 
since the samples have been taken from the same experimental 

111 , 

subject and equally diluted, we can substitute for ^ and 


I Enbco;.!. EHbC 0 ;ioi Enb^i and Enb;, respectively. 

The greater the difference between Qhuco and Qnb) more 
accurate will be the result. An investigation of the values that 
Wakburg, Christian and Negelein obtained spectro-photo- 
metrically gives the folloudng: the y-band for HbCO lies at 
420 mu, for Hb at 430 mu. These values are combined with the 
low absorption-values at alternatively e. g. 510 and 530 m^u. 
(Stufen-filters S 51 and S 53 are generally available). 

■ The values of ^ (the “molar absorption-coefficient”) are given 
multiplied by 10“® 

HbCO Hb 


Pm 

4,84 

30.25 

2.75 

= 22.92 

pm 

0.16 

0.12 


Pm 

Pm 

2 . ii _ 

0.16 

13.10 

3,23 

0,12 

= 26.92 

Pm 

4.84 

16.13 

2.75 

= 15.28 

Pm 

0.30 

0,18 


Pm 

Pm 

2.11 _ 
0.30 

7.03 

3,23 

0,18 

= 17.94 
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The greatest difference between the quotients for HbCO anti 
Hb is thus obtained by employing the wave-lengths 430 mu 
and 530 mu. True, these figures were obtained with spectro- 
photometer values; but our determinations show the conditions 
for the Stufen-photometer to be about the same. The most .suit- 
able filters in the Stufen-photometer are thus S 43 and S 53. 
corresponding to /, and re.spcctively in the formula. 


Apparatus ami soluliom: 

The sample is taken with a pipette ns shown in fig. 2. From 
the tip to the first division it should hold approximately O.OS 




Fig. 2. Dilution pipette. 


ml, in any case not over O.i ml; From the first divi.sion to the 
second the volume is twice as great, thus about 0.16 ml. One 
thu.s obtains a dilution of the blood in the ratio 1; 3. The tip 
of the pipette must be ver^’ fine. An outer diameter of 0,6— 0,6 

mnj. sccm.s to be suitable. If it is 
larger the out-flowing fluid will be 
unnecc.ssarily expo.sed to the air. 

The cuvette (fig. 3) consi.sts of 
two plane-parallel, polished gla,ss 
slides, 25 X 35 X 2 mm., separated 
bv two band.s of cold-rolled and 
tempered steel of factory-controlled 
thickness. The most suitable thick- 
ness hn.s been found to be 0,10 mm. 
If one uses 0.0.3—0.04 mm. it i.% 
certainly, po.ssible to carry out colorimetric determinations on 
undiluted blood, but with this thickness wc found it difficult to 
get constant values for Qj„, (on a couple of occa.sions %vith 
extremely low vnlue.s of — about 4.20 instead of 4.62 — one 
could see weak absorption-bands from HbOj in the spectroscope). 
The gla.'s slides are prodded at the top with twin bevelling 
that forms a little groove into which the tip of the pipette is 
inserted so that there i.s the least possible exposure to the air. 
The "ciu'ctte” is held together with two ordinary ecrew-clarnps 
cased in rubber. 


A «- 


J\fl 




Fig. a. .Section of cm-clte. 
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A similar teclmique as regards cuvettes has earlier been em- 
ployed by Butterfiel-d (1912)d 
As diluting fluid we used: 


Sodium citrate. 2 aq 

Saponin 

Sodium bydro-sulpbite. 2 aq ... 
Buffer (4 vols. m/15 prim. + 6 vols. 
to 10. p ml. 


0.3 g 

0.3 g 

• 0.5 g 

m/15 sec. phosphate, pH 6.97) 


The solution is buffered in order to prevent SO. formed by 
oxidation of NajS.O* from sinking the pH too much, which would 
mean that stromatin might be precipitated. 

It may here be mentioned that the same tubes that are used 
for blood-tests in alcohol-determinations (“Widmark tubes”) 
(WiDjiARK 1922) may be used for samples for carbon monoxide 
determinations. Such a tube holds about 0.12 ml. The blood is 
sucked over in the pipette via a centimeter-long rubber ligature. 
The taking of samples and sending of same to the laboratories 
can be effected in precisely the same way in both cases, a point 
that is probably of value from the psychological point of view, 
as it has sometimes proved troublesome to get blood-tests from 
motorists in case of traffic-accidents where the influence of alco- 
hol is suspected. 

Method: From the tip of the finger, the lobe of the ear or a 
“Widmark tube” blood is sucked up to the first division, dilut- 
ing fluid to the second division, after which the liquids are mixed 
by sucking backwards and forwards between the two ’bulbs’ 
of the pipette. When the tip is then placed in the previously 
mentioned groove, the solution is sucked in to a capillary layer 
where it is protected from air and from drying. and Esgg 


are then determined, the quotient 




is formed and the desired 


value is obtained from the curve. 


» It is interesting to note that BuTiEaixEnn, -without giving any reason for 
this, does not use a lesser dilution of the blood than 1: 3, although he tried to 
work -with as concentrated solutions as possibles. 
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Average: 


Average: 


Hb 




Q 

1.2G7 

0.260 

4.87 

1.254 

0.2C1 

4.81 

1.250 

0.2G2 

4.77 

1.25T 

U.2G1 

4.82 


HbCO 



Er 

Q 

0.747 

0.3C7 

2.04 

0.740 

0.3C5 

2.05 

0.7CO 

0.S70 

2.03 

0.752 

0.3C7 

2.05 


HbCO wns prepared liere and in the following experiment,** 
in the same way; a mixture of 49 vols. of N. and 1 vol. of CO, 
prepared in the ordinary way from formic acid, was bubbled 
through blood for 20 minutes. By using diluted carbon mono* 
xidc the effect of physically dissolved CO was avoided in the 
experiments described in the following. Experiments with blood 
from different healthy experimental subjects Imvc given the 
same result. On the basis of these values a table was made tip 
with assumed, varying values of Q. 

Q %-contcnt of Hl)CO 


4.82 

0 

4.C0 

5 

4.40 

11 

4.20 

17 

4.00 

23 

3. so 

29 

3.00 

3G 

3.40 

43 

3.20 

50 

3.00 

58 

2.80 

6G 

2. CO 

74 

2.40 

83 

2.20 

92 

2.05 

100 


Control experiment; The HbCO-content was determined in 
samples with a known proportion of HbCO, HliCO was prepnreti 
in the way already described. 
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cc HbCO- 
solut. 

CO HbOj- 
solut. 

E;, 

®43 

E«- 

^53 

JSo 

“43 

Es. 

“53 

Calc.% 

Empir.% 

Deviat. 

0.05 

0.45 

1.29 

0.292 

4.42 

10 

10.5 

-f 0.5 

0.05 

0.45 

1.28 

0.290 

4.41 

10 

10.5 

-{-0.5 

0.05 

0.45 

1.30 

0.300 

4.33 

10 

13 

-}- 3 

O.io 

0.40 

1.20 

0.300 

4.00 

20 

23 

+ 3 

0.20 

0.80 

1.28 

0.316 

4.05 

20 

21.5 

-{- 1.5 

O.io 

O.40 

I.IG 

0.282 

4.11 

20 

20 

0 

O.io 

.0.40 

1.38 

0.346 

3.99 

20 

23.5 

-{- 3.5 

0.125 

0.375 

1.34 

0.340 

3.94 

25 

25.5 

-fO.5 

0.15 

0.35 

1.29 

0.343 

3.76 

30 

31 

+ 1 

0.15 

0.35 

1.15 

0.295 

3.90 

30 

26.5 

— 3.5 

0.10 

0.20 

I.IG 

0.310 

3.74 

33.3 

31.5 

— 1.8 

0.20 

0.30 

1.29 

0.3S6 

3.37 

40 

44 

-f 4 

0.20 

0.30 

1.28 

0.372 

3.44 

40 

41.5 

-f 1.5 

0.20 

0.30 

1.11 

0.314 

3.54 

40 

38 

— 2 

0.25 

0.25 

l.OG 

0.324 

3.27 

50 

48 

— 2 

0.50 

0.50 

1.2G 

0.317 

3.17 

50 

51.5 

-f 1.5 

0.30 

O.20 

1,08 

0.371 

2.90 

60 

61 

+ 1 

0.35 

0.15 

1.16 

0.435 

2.67 

70 

67.5 

— 2.5 

0.40 

0.10 

0.98 

0.395 

2.46 

80 

80.5 

-f 0.5 

0.45 

0.05 

1.05 

0.477 

2.20 

90 

92.5 

-f 2.5 


We also carried out determinations parallel ■with a method 
described by Paul and Wretlind (1942), based upon preci- 
pitation of the reduced hemoglobin under certain conditions, 
while HbCO remains in solution. 


Er 

®43 

Eg 

“63 

Q 

% HbCO 

Accord. 

Pavl & ’Weetlind 

Difference 

1.23 

0.265 

4.04 

4.5 

7 

2.5 

1.24 

0.266 

4.06 

4 

6 

2.0 

1.02 

0.250 

4.08 

20.5 

23 

2.5 

0.99 

0,241 

4.07 

21 

27 

6 

1.08 

0.272 

3.97 

24.5 

23 

1.5 


Serum from a jaundice patient with Meulengracht- value 1 ; 60 
gave S 43 = 0.05 and 853 = 0.01. Ablood-sample from a patient -ndth 
chronic myelosis, fully able to work and complaining only of a 
slight tenderness in the abdomen, and with 64 % Hb, 3.4 mill, 
red and 225,000 white blood corpuscles per cubic millimeter 
gave QHb = 4.86 and QHbCO = 2.06. One may thus abstract 
from these possible sources of error. 
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Snmmary, 

Carbon-nionoxidc-hemoglobin methods of determination that 
deal wth strongly diluted blood must give too low values owing 
to the fact that carbon-monoxidc-hcmoglobin dissociates on di- 
lution. A simple method, sufficiently accurate for clinical use, 
has been worked out from which these source.^ of error have been 
eliminated. 

The detenriinntion is eas}’ to carry out and take.s only a few 
minutes. An important advantage of the method is that it enable? 
determination on a micro-scale, so that blood may be taken 
from the tip of the finger. Samples can be sent in capillary tubes, 
as for instance is done in the case of blood-tests for alcohol ac- 
cording to "Widmark’s method. 
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McasTireiiieiit imd Properties of Aiititiiroiubin, 

By 

TAGE ASTRUP and SVEN DARLING. 

(Roccived r> Jnne 1043.) 


As is NYcll known, plnsnia and serum contain substances which 
inactivate thrombin. The inactive product formed is by most 
autliors calk'd metathrombin and thought to be the substance 
which by treatment with alcali or acid can be reactivated into 
thrombin (cf. Gassku (1017)). The problem of the relationship 
between tlirombin, antitlirombin, metathrombin and the re- 
activation of the last mentioned substance has however not 
yet been solved, and the opinions of most authors are quite con- 
tradictor}' (cf. WOiiLtscii (1929, 1910)). 

The purpose of this paper is to investigate the normal anti- 
thrombin of senun and plasma and its relation of thrombin. 
The quc.stion of metathrombin falls beyond the scope of the work, 
and the antithrombin formed by addition of beparin is treated 
in a subsequent paper. 

Investigations on antithrombiii have been carried out by sev- 
eral authors, but the work has mainly been on the qualitative 
line, and only few have tried to mcn.sure the amount of anti- 
thrombin quantitatively. J. l^lEnnAKny (1909) already showed 
that tile amount of autithrombiu in plasma could inactivate 
many time.s the amount of thrombin formed from the same 
amount of plasma, Thi.s was confirmed by Gasseb (1917). 


Experimental. 

1. Tho Moasuromont. 

The ox thrombin u.'fed was prepared as before (Abtktjp and Dar- 
MNG (1910, 1911 a)). For the determinations, ox fibrinogen as describ- 
ed by AsTum' and Daruno (1912), was used. 
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Oxalated ox pisstna was used as antitlirombin-containing luatcriaL 
From tWs serum was prepared after one of the following three methods; 
1). Kecalcification of the plasma. 2). Removal of fibrinogen by coagu- 
lation with a little thrombin. 3). Denaturation of fibrinogen by hea- 
ting to oG® in a water-bath for 3 minutes and removal of the’prtci- 
pitate. 

Smaller amounts of material were usually prepared by heating, and 
larger amounts by rccalcifying. The thrombin formed under the re- 
calcification is negligible in proportion to the amount of thrombin, 
which can be inactivated by the antitbrombin in the plasm.a, and it is 
therefore not necessary to take it into consideration. The same applies 
to the addition of the small amount of thrombin necessary' for clot- 
ting the fibrinogen in the second method. 



Fig. 1. Per cent thrombin inactivated after incnb.ition with ox nemm. 

Our unit for antithrombin is based on our unit for thrombin (AsteLt 
and Rarlikg (1940, 1941 a, 1912), cf. also Asmt-r (1911)). An anti- 
thrombin unit {iV T. U.) is the amount of antithrombic substance 
which can neutralize a unit of thrombin (T. U.), 

For the determinations a thrombin solution of known .strength is 
incubated with the antithrombin-containing material until .saturation 
and the amount of thrombin left is measured. The incubation is car- 
ried out at 37' as the neutralization procced.s only slowly at lower 
temperatures (Colmxgwood and AIac .Mahox (1914)). 

For determination of the incubation time the following experiment 
is made: 

To a thrombin solution containing 41 T. U. per ml, O.io ml of senim 
prej)ared by recalcification is added for every ml of thrombin solution. 
The mi.xturc is incubated at 37“ and the course of the reaction is fol- 
lowed by determination of the thrombin left after varjdng reaction 
time?. The measurements are made as described before (Asti’.UI' and 
D.\r.UNG (1912)) by placing O.io m of the .“olution in a clotting lube 
and adding l.o ml of a fibrinogen solution, whereupon the tub*^ is 
placed in a water-bath at 37" and the clotting time noted as the time 
for formation of the finst threads of fibrin. From tiie clotting time of 
the e.xpc-riment and the clottinc time of a known control solution, 
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-witli physiological NaCl added instead of serum, the content of throm- 
bin IS determined as usual. The amount of thrombin inactivated is 
then found and expressed in per cent of the original content. In this 
^ay the two curves in Fig. 1 are found. Fig. 1 shows that the neutra- 
lization of thrombm by normal antithrombin proceeds rather slowly 
and is only complete after a lapse of about 15 minutes. For determi- 
nation of antithrombin it is therefore necessary to incubate the mix- 
ture for at least 15 minutes at 37°, a condition which has not been 
fulfilled by several authors (see later). 

For the determination of an unknown amount of antithrombin it 
is further necessary to know the relation between the amount of an- 
tithrombin added and the amount of thrombin neutralized. Only if 



Fig. 2. Inactivation of thrombin by increasing amounts of ox Bemm. 

there is a simple relationship between these quantities is it possible 
to de^dse a simple method for measuring antithrombin. The following 
experiment shows that there is a direct proportionality between the 
antithrombin added and the thrombin inactivated under the experi- 
mental conditions chosen. 

To 7 tubes containing 1 ml thrombin solution, (41 T. U. per ml) 
O.oo, 0.05, 0.10, 0.15, 0.20, 0.25 and O.30 ml of serum is added and 
then physiological NaCl until the total volume of every sample is 
1.30 ml. The mixtures are incubated at 37° for 15 minutes and the 
thrombin content is then determined as usual. The thrombin inacti- 
vated is then expressed in per cent of the original content, and a curve 
is drawn with the amount of antithrombin (serum) added in ml as 
abscissa and the amount of thrombin inactivated in per cent as ordi- 
nate. Such a curve is shown in Fig. 2. 

The curve shows that there is a linear relation between the amount 
of antithrombin added and the amount of thrombin inactivated. It 
is seen than 0.2 ml of the serum used inactivates 46 per cent of the 
thrombin added, i. e. 46 per cent of 41 T. U. One ml of seriim hence 

inactivates T. U. eqnal to 94 T. U. which therefore is the 

content of antithrombin units per ml of the serum in question. 
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Based on these e::^eriments and on later exporienct's the ir;e.nsun>. 
ment o£ antitlirorabin is best carried out as follows: 

Of a thrombin preparation containing about 12 T. U. per mg of 
substance, 50 mg are dissolved in 15 ml of phvsiological XaCi or a 
diluted diethylbarbiturate buffer with pH 7.4, as prepared by Tuor.' 
DARSON (1940). Phosphate buffer was found to be inconvenient. One 
drop of octyl alcohol is added and after standing for one hour the so- 
lution is centrifuged or filtered. There results a solution containing 
about -40 T. U. per ml. The content per ml is called a. lllost of the 
thrombin used in this work was obtained from “Lovens kemiske Fa- 
brik”, Copenhagen. 

The fibrinogen used for the measurements was precipitated with 
ammonium sulphate from oxalated ox plasma as described by .Astriu' 
and Darling (1942). It was diluted with phvsiological NaCi or di- 
ethyl barbiturate buffer, and di.stilled water was added until a good 
reactivity was obtained, as the reaction velocity is to a high degree 
dependent upon the salt concentration (Astrgp (1941)). The clotting 
time .‘should be about 10 seconds by addition of 1 ml fibrinogen .solu- 
tion to 0.10 m of the original solution of thrombin. The fibrinogen 
.«olutioh is placed in ice-water during the experiments. After dilution 
it has only a moderate stability. 

In a series of tubc-s antithrombin-containing material is placed in 
amounts ranging from O.oo, O.o.'., O.io, O.is, to O.20 ml, and physio- 
logical XaCl is added until the total volume in every tube is 0.3 ml. 
Then 1.0 ml of the thrombin solution, containing a T. U. added to 
each tube. The tubes arc placed in a water-bath at 37° for 15 minute.s 
and arc then transferred to icc-watcr. For every .'(ample the thrombin 
content is determined by placing O.io ml of the incubated mixture 
in a clotting tube and measuring the clotting time after the. addition 
of 1.0 ml of the fibrinogen solution in a transparent water-bath at 
37°. Three determinations arc as a nilc made from every sample. 

The control sample containing only thrombin solution and physio- 
logical NnCl, j. e. the first mentioned', gives the clotting time ff The 
amount in ml of antithrombin solution is called n, and the corre.spon- 
ding clotting time t„. ri corrc.sponds to a T. U. in the mi-vture, and 

therefore-coTrvsponds to - — ^ T. U, Originally there wa.s a T. U., 

and hence |a — j T. U. are inactivated, which corre.sponds to the 

amount of antithrombin units contained in the n ml antithrornbic 
material in tlie sample. The content c of antithrombin in this materinl 
e.xprcsscd in A. T. U. per ml is therefore obtained from the following 
equation (1): 

c _-(i|A. T. U. per ml Oh 

In order to increase the accuracy of the detemiinntion, c Is as <> 
rule not toand directly from the meMiiremontfi. Innte.id, a curve i-. 
(Irawn with the incubated amount of antithrombie materia! fi5 in! 
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added as abscissa, and the corresponding value of — as ordinate. From 

in 


the straight line obtained, a corrected value of 


— corresponding to a 
in 


given amount n of antithrombic material is found by interpolation. 
These values are then put into equation (1) and c determined. In this 
way the accuracy of the antithrombin determination is increased so 
much, that the deviation is only about ± 5 per cent. The determina- 
tion of the clotting time proper gives an experimental deviation of 
5 to 10 per cent. 


Table 1. 


Thrombin 

solution 

ml 

Plasma 

ml 

Phj’siol. 

NaCl 

ml 

t 

Determinations 

sec. 


io 

in 

1.00 

O.oo 

0.30 

11.0, 11.2, 11.0 

lU 

1,00 

1.00 

O.Oo 

0.26 

14.4, 15.0, 14.6 

14.7 

0.76 

1.00 

O.IO 

0.20 

17.8, 18.2, 17.8 

17.9 

0.62 

1.00 

0.16 

0.16 

23.6, 24.4, 24.6 

24.2 

0.46 

1.00 

0.20 

O.IO 

39.2, 39.0, 40.0 

39.4 

0.28 


The following is an example of such a determination. Rabbit 
plasma obtained from citrated blood (in the proportion 9 ml 
blood to 1 ml of 3.5 per cent sodium citrate solution) is used. 
By mixing the thrombin solution and the antithrombin-contain- 
ing plasma the fibrinogen is immediately transformed into fib- 
rin. This, however, does not interfere 
with the antithrombin determinations 
as only the clear fluid is used. The ex- 
perimental data are seen from Table 1. 

From these determinations the curve 
shown in Fig. 3 is drawn in the manner 
described before. It is seen that the 
points lie on a straight line with a suf- 
ficient accuracy. Only the determina- 
tion for the addition of 0.05 ml plasma 
is too' low, a fact which is very often 
met Avith, On the other hand, the 
value for 0.20 ml plasma often shows 
a tendency to be too high. 

From the curve the value for 0.20 ml 
plasma is foxmd to be 0.28, which in 

20 — ^22I95. Acta phvs. Scandinav. Vol.-i. 
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this case is in accordance with the experimental dcterniinatsois. 
By tising equation (1) and putting « — 41 T. V. per ml tiim 
fx — 0.20 ml, c is found to be 148 A. T. V. per ml in citrated 
rabbit plasma. 


2 . Anti thrombin in Sorum. 

The antithroinbin content of ox serum prepared by heatini: 
to 5G° and fractions obtained by precipitation with ammonium 
sulphate is now investigated. The measurements of the solutions 
prepared arc carried out as described in the preceding part. 

30 ml of serum are diluted with 30 ml of distilled water and povi- 
pitated by dropwisc addition of 60 ml of saturated uramoniinn sul- 
phate under stirring. The precipitated globulin is removed hy centri- 
fugation and washed mth 25 ml of 0.5 saturated ammonium sulphate. 
It is then dissolved in water and dialysed in a cellophane casing against 
tap water. .^Vlter dialysing, O.i volume of 9 per cent NnCl is added 
to the solution. The solution is called G — I and contains 25 A. T. It. 
per ml. The volume is 50 ml. Total amount 1,250 A. T. U. 

The centrifugate and the washing from G — I arc nnited and satu- 
rated with solid ammonium sulphate. The albumin prccijiitatcd is 
remov'ed by filtration, di.ssolvcd in water, dialysed and 9 per cent 
NaCl is added as before. The .solution is called A — I. The volume is 
25 ml and it contains 50 A. T. U. per ml. Total 1,400 A. T. U. 

The sorum used contained 93 A. T. U. per ml, total 2,790 A. T. U. 
One half of the antithrombin is thus found in the albumin fraction 
A — I and 45 per cent in the globulin fraction G — I. Total yield 95 
per cent. 

The globulin solution G — is further fractionated hy addition of 
one volume of saturated ammonium sulphate. The resulting preci- 
pitate G — II is isolated ns before. The volume is 25 ml, containing 
3 A. T, U. per ml. Total 75 A. T. U. 

From the centrifuge and washing from G — IT the albumin A— II 
is isolated. Volume 25 ml, contai ing 36 A. T. U. per ml. Total 9tK) 
A. T. U. Of the antithrombin content in G — I thus 72 per cent is found 
in the albumin fraction. 

By reprecipitating 6 — If a further globulin G — III is obtained. 
Volume 10 ml containing 1 A. T. U. per ml. Total 10 A. T. U. 

From tlic.se experinient.s it is .seen that the antithrombin con- 
tained in scrum i.s found in the albumin fraction, and that the 
globulin fraction contains practicnlly no antithrombic .substance 
after a few rcprecipitations. The sub.stancc docs not pass through 
a dialy.“ing membrane. The.se restilta are thus in accordance 
with the experiences of most authors. 
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S. Antithrombin in Plasma. 

For a mote tliorougli investigation plasma is used as starting 
material. As it is found, tliat the antithromhin is not removed 
by treatment witlv tricalcinm phosphate, the resulting prothrom- 
bin-free Bordet plasma can be used. For the following experi- 
ments therefore the centrifugate resulting from the preparation 
of fibrinogen is used for the measurements (Astrup and Dar- 
ling) (19i2)). For the fractionation the principles described by 
Hewttt (1936) are used. 

To 200 ml of Bordet plasma (ox), 300 ml of distilled water are 
added and then the fibrinogen is precipitated with 200 ml of satmated 
ammonium .sulphate. 265 ml of saturated ammonium sulphate is ad- 
ded to the centrifugate (volume 620 ml), after which the degree of 
saturation is 0.5. The precipitated globulin is removed by filtration, 
dissolved, in water and dialysed against physiological NaCl. The re- 
sulting solution is called A. 

To the mother liquor from A (volume 830 ml) 1 . c ml of acetic acid 
arc added. The precipitate is removed, dissolved in water and dia- 
lysed against tap water. The solution is called B, 

To the mother liquor from B (volume 800 ml) 343 ml of saturated 
ammonium sulphate are added. Saturation degree O.C5. The preci- 
pitate is isolated as before and the resulting solution called C. 

All those solutions are now analysed. The plasma used contained 
120 A. T. U. per ml. Total 24,000 A. T. U. In Table 2 the results are 
shown. 

Table 2. 


Solntion 

Volame 

ml 

A. T. U. 
per ml 

mg N 
per ml 

A. T. U. 
per mg N 

A. T. U. 
total 

Yield 
per cent 

A . . . 

65 

23 

7.G4 

3.9 

1430 

6 

B . . . 

55 

1.2 

6.22 

0.2 

66 

0.8 

C . . . 

44 

133 

5.22 

25.ri 

5850 

24 


I’rom Table 2 it is seen that also in this case the antithrombin 
is found in the albumin fraction, and that a practically inactive 
fraction (B) can be precipitated with acid, while the antithrom- 
bin remains in solution (C). The yield, however, is not so large 
as in the preceding experiments with serum. As a rule the yield 
of antithrombin in fraction C ranges between 20 and 35 per cent 
of the content in the plasma used. It is possible, according to 
*the experiments by Volkert (1941), that the antithrombin of 
plasma consists of two components, the greater part is the nor- 
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mal antithrombin and a smaller portion is an antitliroinbin for- 
med from heparin. Thus it is possible to explain the presence of 
the two separated fractions A and C. 

Fraction C is now used for further invest igatioms. The follow- 
ing fractions are prepared: 

To 10 ml of C, 15 ml of saturated ammonium sulphate arc added, 
giving a sjituration degree of O.co. The mixture develops a slight tur- 
biditj, and 0. i o ml I-m acetic acid is added. The precipitate formed 
is removed, dissolved in water and dialy-scd. Fraction D. 

To the mother liquor from D 3.5 ml of saturated ammonium sul- 
phate arc added. Saturation degree 0.G5. The precipitate gives the 
solution E. 

To the mother liquor, resulting from E, 4.S ml of saturated ammo- 
nium sulphate arc added. Saturation degree now O.to. The precipi- 
tate gives the solution F. Addition of more ammonium sulphate to 
the mother liquor from F gives no precipitation. 

The resulting .solutions arc analysed and compared with the origi- 
nal C-fraction, which in this case is not so active as the C-fraetion 
mentioned before. The results arc .shown in Table 3. 


Table 8. 


1 Solatioii 

I 

Volume 1 
ml 1 

A. T. U. 
per ml 

mg K 
per ml 

A. T. U. 
per mg K 

i A.T. T). ; 

j tot.il j 

Yield i 
per ivnt ; 

! 

i C . . . 

K. ! 

65 

5.39 

12 

s 1 

6r)0 ! 

•w ' 

; I) . . . 

G.fi > 

13 

1.45 

9 

i 65 ! 

13 


^ t 

7.0 

31 

2.35 

14.5 

j 23S 1 

37 

r . . . 

3.0 ; 

3 

0.:ip 

23 

I 27 ! 

A 


The total yield by the fractionation was thus 51 per cent of 
the content in fraction C. It is seen that it is pos.sihle to di\’idc 
C in smaller fractions with different contentsS of nntithromhin. 
This seems to indicate that antithrombin is a definite substance 
and not the scrum albumin ns such — which is the opinion of 
several authors. However, it i.s to be pointed out that the activ- 
ity of tfie antithrombin fraction.s is only very low in oornpari- 
•son with the activity of thrombin solutions. While the most 
active antithrombin fnu:tion.s contained only about 25 A. T. U. 
per mg F it is ea.sy to prepare thrombin prcparatiori.s having 
over 800 T. U. per mg N (Astkur and Darlixo) (1911 a)). There- 
fore, it is impossible to say anything about the probability of 
antithrombin being one definite, .specific sub-sfance. In the pre- 
p.aration of tiiromhin a very good purification was obtained by 
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precipitation wth acetone, but antithrombin is completely de- 
stroyed by treatment with acetone. 

Some further jiropcrties of antithrombin will be discussed in 
a subsequent paper concerning the relation between antithrom- 
bin and heparin. 


Discussion. 

Already Ale.kander Schmidt himself (1892) knew that in 
blood or serum thrombin gradually loses its clotting power. The 
presence of thrombin-inactivating substances was soon con- 
firmed by Bop.det and Gkngou (1904), ^toRAAviTE (1904 a, b) 
and ^luRA-SCiiEW (1904). The presence of an antithrombic sub- 
stance was concluded from tlie facts that jdasma was clotted 
more slowly than a fibrinogen solution by the same amount of 
thrombin, and that thrombin gradually deteriorates in serum. 
It was found that the .substance was relatively tlicrmostable 
and can withstand heating to 58° for 15 min., as such heated 
plasma incroa.ses the clotting time of a fibrinogen solution. 

.Already some yeans before, Bordet and Gkngou (1901) had 
found an antithrombic substance in serum from guinea-pigs 
immunized with rabbit scrum, and they were of the opinion that 
an immune nntithrombin had been formed. This problem has 
onl}' recently been .solved by Voukkut (1941 and to be published), 
and is found to be an unspecific reaction. 

Tlie method used by Bordet and Genoou (1901) is to mix 
0.1 ml of fresb rabbit serum (containing thrombin) with O.G ml 
of guinea-pig scrum heated to 58° (containing antithrombin) 
and then to add 0,3 ml of goose plasma (ns fibrinogen source). 
Scrum from the treated guinea-pig.s is found to inhibit coagula- 
tion tlie most. 

The antithrombin present in peptone plasma, which later has 
been shown to be heparin, was already known by these authors 
to be a different substance from that present in normal blood 
and serum (Morawitz (1904 a, b, 1905)). 

Since the days of SIorawitz, the question about the nature 
of antithrombin and its role in blood clotting has been an un- 
solved problem (sec L i. the excellent reviews by Wohlisch 
(1929, 1940)), and the most different \'iews have been expressed 
by various authors. Therefore', in the following only results of 
interest in connection with the present studies will be discussed. 
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MEtA.AXBY (1909) ^va? tho first to sliow that aTitithrombin is 
present in large oxccs? in comparison witli tlie amounr of throm- 
bin which can be formed from plasma. Acetone destroys anti- 
thrombin. He was also the first to note that the neutralisation 
proceeds at a relatively slow rate, so it is necessary to incnb.ite 
(30 min. at 30') the mixture before determining the nctivitv. 
His experiments are carried further by CoLT,txc,woon atul M.tc 
^Iahox (1913, 1914). While WELnAXny worked with chicken 
plasma the same results were now obtained with human plasma. 

From the work of these authors it is evident, that for an exact 
determination of the action of the nntithrornbic material present 
in normal plasma and scrum it is absolutely nccc.ssary that the 
measurement shall be preceded by an incubation in order to 
complete the reaction. This has not been the case in the experi- 
ments of earlier investigators, and they have only succeeded 
because their thrombin .solutions showed a low activity with n 
resulting long clotting time of the mixture, which gave the anti- 
thrombin an opportunity to act to some degroo. This i.s also the 
case in the e-xporiments by La^dsbero (1913). 

A prominent role in the blood clotting was assigned to the 
antithrombin through the theory of Howell (cfr. 1939), anti 
very extensive invc.stigations on the substance have been carried 
out by Howell and his pupils. In their first experiments no 
incubation was employed (Rettger (1909), Howell (1912), 
Wnuu’LE (1912, 1913) and Wey.mouth (1913)), 

In some of bis experiments the last mentioned author u-ses 
an incubation time varying from some minute.s to several hours. 
However, it was Howell himself (1914 a, b) wlio first described 
a procedure with incubation for 15 min., wliich may be called 
the fir.st method for the determination of nntithrombin. Suli- 
scquently this method was used by .several authors (Howell 
(1915), Dekxy and Mixox (1915), Drinker and Drinker (1915), 
HuRwm and Drinker (1915), Minot (191G), Minot, Dennv 
and Davis (1910), Rich (1917) and Gas.ser 0'J17)), trying to 
solve different physiological problems concerning antithrombin. 
The results arc not satisfactory, however, as tho accuracy of the 
method was slight. Later experiments by Volkkbt (1911 arel 
nnpublishoci) using our method could not confirm all the results 
obtained by those authors. 

In Howells method the antithrombin-coniaining pl.nsm.a or 
serum is heat^si to GO’ for 10 min. to de.stroy thrombin and pro- 
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tlirorabin. A little of tbe solution (one drop) is then incubated 
with varying amounts of thrombin solution (2 to 6 drops) for 
16 min. at 37 , and the activity of the remaining thrombin is 
determined by means of a fibrinogen solution. As a rule the 
clotting time amounts to several minutes. The measurement is 
described especially by Howem. (1914 b), Drinker and Drin- 
ker (1915), Minot, Denny and Davis (1916) and Gasser (1917), 
and from these investigations it will be clearly seen that only 
a very low accuracy is obtained. In reality most of the work 
must be said to be rather qualitative than quantitative. 

For clinical purposes Howells method was too comphcated 
and a mote simple method was described by Hess (1915, 1916) 
using recalcificated oxalated plasma as the source of thrombin 
and fibrinogen. Thus there is no incubation of a thrombin-anti- 
thrombin mixture and cannot be differentiated between anti- 
thrombic and antiprothrombic substances. The method has not 
been used since. 

With the discovery of heparin by Howell and Holt (1918) 
the problem was divided into two, namely the question about 
the antithrombin normally present in plasma and serum, and 
that of the antithrombin resulting from the addition of heparin. 
Only the first problem is to be discussed in this paper. 

At this time antithrombin was known to be a substance which 
was more stable against heating than thrombin, as it was only 
destro)’’ed at 65 — 70°. Its reaction with thrombin proceeds slowly 
at Imv temperatures but more rapidly at higher temperature. 
The nature of the substance and the inactivation process were 
still obscure, but it was known to be of a rather specific nature 
as serum was much more active than other substances tried, in- 
cluding proteins. It is destroyed by organic solvents. 

In the following years only little was added to our Imowledge 
about the normal antithrombin (see, f. i., Wohlisch (1929, 1940)). 
Some authors go as far as to deny the existence of a natural 
antithrombin existing in circulating blood (Pickering and He- 
witt (1921, 1922), Pickering (1926)), but most of the experi- 
ments of the authors mentioned may just as well be explained 
through some known mechanism, e. g. by the presence of anti- 
thrombin. A thermostable antithrombin isolated from plasma 
by Barratt (1929) may be due to traces of heparin, which also 
may be the case with all other thermostable antithrombic sub- 
stances isolated from different tissues by various authors. 
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Interesting investigations, especially concerning the inability 
of Howells antithrombin theory to explain the mechanism of 
blood coagulation were reported by J. Bordet (1920), Gratia 
(1921) and P. Bordet (1929 a, b). But no definite differentia- 
tion between normal antithrombin and antithrombin from he- 
parin or other sources (pepton plasma) was carried out in these 
works. The increase in the clotting time by addition of thrombin 
was as a rule used as a measure. Especially P, Bordet showed 
in some interesting experiments that the clotting time, is in- 
creased not onl}’ by serum heated to 56° but also by serum hea- 
ted to 70°, and he assumes therefore that the delayed coagula- 
tion in this case is not due to a .specific antithrombin. He fouml 
that the reaction between antithrombin and thrombin onlv is 
completed in about 10 min. and that the amount of antithrom- 
bin is great in proportion to the amount of tlirombin which can 
be formed from the same amount of scrum. Chloroform inacti- 
vates antithrombin, but tricalcium phosphate docs not adsorb it. 

Based on his now definitely abandoned theory of "tissue fi- 
brinogen” Hills (192G) presented some highly improbable views 
concerning the nature of antithrombin. It seems pos-sible that 
he may have worked with diluted heparin solutions. 

Mills (192G) and Mills & Kitzmiller (192G) tried to deter- 
mine antithrombin under certain pathological conditions, hut 
they used methods even more inaccurate than Howkll’.s. Eater 
Mills (1927) described an improved method in which purified 
thrombin and fibrinogen solutioms were used, and which mu.*** 
be said to be better than Howell’s method. One of the features 
of this method is the use of very active thrombin solutions. 

It is only in recent years that any further steps toward.^ a 
better understanding of the normal antithrombin liave been 
made, and also of its relation to the niitithrombin from heparin. 
Jkspccially Quick (1938) has made an important contribution, 
ns he showed that the antithrombin is associated with the serum 
albumin and not with the scrum globulin. Further he finds that 
an amount of plasma is clotted even by a very small fraction 
of that amount of thrombin w’hicb it is possible to inactivate by 
the niitithrombin contained in the, same amount of plasma, a 
fact which was also pointed out by Mellanuy (1909). He worLs 
with plasma ns fibrinogen source and docs not try to measure 
the amount of nntithronibin quantitatively. Also WOnLi.sciI and 
GrOni.so (1910) and M'Giilisch and KGhlkr (1910) find that 
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serum albumin is most effective, and that its properties are con- 
cordant M-ith tlie properties of the serum itself. Quick (1938) 
is further of the opinion that it is the normal antithrombin which 
is increased in potency by addition of heparin, but this seems 
not to be true, according to experiments to be published later, 
cf. Astrup and Darling (1941 b). 

In a qualitative way an increase of antithrombin in obstruc- 
tive iaimdice was found by Barlik (1933). This was later con- 
firmed by Dyckerhoff and SIarx (1940) using a qualitative 
method which in principle is the same as the method used al- 
ready by Bordet and Gengou (1901). No incubation is employ- 
ed and diluted magnesium sulphate plasma is used as fibrinogen 
source instead of avian plasma. Using the same unsatisfactory- 
method, Dvckerhoff and Buhl (1940) confirmed the results 
of Bordet and Gengou (1. c.) ns to the appearance of an anti- 
throinbic substance during immunization, but found that it is 
not due to the formation of an immmic antithrorabin but of an 
unspecific antithrombic substance which also is found after in- 
jection of foreign proteins. These questions have now been in- 
vestigated in detail by Volkert (1. c.) using our method for the 
quantitative measurements. 

Jaqdes and jMust.ard (1940) incubate for 24 hours at 0*^ and 
find the antithrombin in the albumin fraction, but not in the 
crystalline serum albumin. According to their opinion, the sb'ght 
activity of the antithrombin makes its measurement difficult. 

Quantitative measurements on normal antithrombin have been 
attempted by Wilson (1940). He dilutes serum about 50 times 
and incubates with thrombin for 4 min. at 28°; and he corrects 
the result by multiplpng vdth a factor found empirically. His 
method seems not to be based on rational principles. 

Also Hawkins and Brinkhous (1936) measure antithrombin 
by incubating with a thrombin solution of known strengh, but 
their method docs not seem to be described in detail anywhere. 

Our method therefore seems to be the first by which it is pos- 
sible to measure antithrombin with any reasonable accurac}'^. 
This result has been achieved by taking the follonung points 
into consideration: 

1) Only purified antithrombin-free reagents are used for the 
measurements, 

2) A very active thrombin solution is used, because only 
in this case it is possible to say something about the presence of 
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any antitkrombic substanceA. In a procoys as complicated as the 
clotting of blood the variation in the potency of a thronibiu 
solution of lovr strength ma}' be due to other influencing reac- 
tions than a variation of the antithrombin content. 

3) Only a fraction of the thrombin present is neutralised 
by the addition of antithrombin, so that the remaining activity 
may he determined with as groat an accuracy a.s the original 
activity. 

4) The thromhin-antithrombiu mixture is incubated at 37" 
until full saturation. 

o) The amount of thrombin is kept constant and the amount 
of antithrombic material added is varied. This is contrary to 
HoViTill's method and giA’cs the most uniform experimenta! 
conditions for the different samples, ns in all casc.s only a fraction 
of the thrombin is inactivated. 

6) For the sake of increasing the accuracy, several sample.s 
are incubated, and the clotting time of each is measured several 
times. 

Using this method wc have investigated the normal nnii- 
thrombin from ox plasma. .fVs is seen from the c.'cpcrimcntal part 
the properties found arc in agreement with the experience.^ of 
earlier authors. 

The amount of nntithrombiu in normal plasma and serum 
seems to be from about 100 to 150 A. T. U. per ml with a slight 
variation from species to species. According to our thrombin 
investigations, (AsxRur and Darling (1941 a)), about 70,000 
T. U. are found in the activated solution of JlELLAKnv-fihrinri- 
gen from 10 L. of ox plasma, i. c. 7 T. U. per ml of phusmn. It 
must be supposed that the yield is only a fraction of the total 
amount of thrombin, which can bo formed from one ml of plas- 
ma, but nevertheless . it .is seen that the amount of thrombin is 
small in comparison with the amount of antithromhin in the 
same amount of plasma. 


Sominary, 

1. A unit for antithrombin is defined as the amount of anti- 
thrombic substance which inactivnte.s one unit of thrombin. 

2. A method for the quantitative measurement of mitithrom- 
bin in plasma and scrum is described. Its relation to earlier un- 
satisfactory methods is discn.«sed. 
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3. The normal antithiomhin of ox plasma is investigated and 
its properties found in accordance ndth those described by other 
authors. 

4. The amount of normal antithrombin in plasma and serum 
generally ranges from 100 to 150 antithrombin units per mi. 

Thanks are due to "Danmarks tekniske Hojskoles Fond for 
teknisk Ivemi” and to "Lovens kemiske 5'abrik”, Copenhagen, 
for grants in aid of this work. 
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On tlie Protliroinbin Content in Jlilk. 

By 

FRITZ SCH0NHEYDER and SVEND BAASTRDP THOMSEN. 
(Received 27 June 1942.) 


Prothrombin is chiefly found in blood plasma and onl)* a few 
investigations have been carried out into the appearance of pro- 
thrombin outside the blood vessels. Howell (1915) has demon- 
strated prothrombin in the lymphatic plasma but none in the 
lymphatic cells. Smith, Wabneb and Bbinkhous (1934) have not 
been able to demonstrate prothrombin in the lungs of rabbits, 
which have been perfused with saline. Thobdabson (1941) has 
shown the presence of small amounts of prothrombin in ascitic 
fluid, exudates and pathological spinal fluid, but could not de- 
monstrate prothrombin in aqueous extracts of lung, liver, heart 
and breast musculature from rabbits. Milk has not previously been 
studied. 

It was found that the content of prothrombin in colostrum 
from the cow is considerable, whereas the colostral secretion from 
women is poor in prothrombin. The following paper contains the 
results of prothrombin determinations in milk. It can be demon- 
strated that in the cow a hyperprothrombinemia occurs simul- 
taneously with the appearance of considerable amounts of pro- 
thrombin in milk. The prothrombin content in colostrum is of no 
importance to the prothrombin concentration of the blood of the 
newborn calf. 


Technique. 

The prothrombin determinations in milk and blood plasma have been 
carried out according to Thordabson’b method (1941). By this 
dure the prothrombin content is determined in relation to a standard 
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prothroniljjn .solution, the protbronibin concentratton . of wlncli ha*: 
been arbifiTarih' put at 100 per cent. The determination*; of prvitlirorabin 
in cov,-'s milk and cowV plapma have in this work been carrietl o«t in 
relation to a standard prothrombin .*;olution which consisted of esjual 
parts of fresh blood plasma from (wo normal, non-])regnnnt cows (171 
and 207). This plasma can be con.«idered a.s a suitable standard pro* 
thrombin solution for determination of prothrombin in cow’s milk and 
blood plasma, because fre.sh samplc-s of pla.sma mixtures from the two 
animals only deviate slightly from the one day old samples from the 
same animals, and a constant proportion is foutid between tbe content 
of prothrombin in the blood of norma!, non-pregnant cows and the 
.standard pla.^ma solution. It is not possible to employ a human plasma 
as a standard prothrombin solution, as the relation between pndhrom- 
bin concentration and clotting time for cow's j)!ftsmfi and htimanV 
plasma is different. The prothrombin content in tiie milk of women U 
determined in relation to a plasma from a nonnal person, the pla-sma 
prothrombin concentration of which 1ms been determined to be 3r> 
per cent prothrombin in relation to the standard of Thordarson for 
human beings. The accuracy of the method i.s 5 per <.ent. In case of 
determinations of prothrombin in milk with low ])rothrombin content 
the accuracy of the method is smaller, as the clotting times are long 
and do not agree very well. 

The examined cows arc from the neighbourhood of .Aarhus. The blwd 
samplc.s from cow.s are drawn from the jugular vein. The blood sntnple.s 
and the milk .snmp!e.s Imve been determined the day on which they 
have been taken. The samplc.s of woman’s milk are from jtnticnts in 
the Lying-in Hospital for Jutland, Aarhus. 


KesnUs. 

Prothrombin in corn's milk. The normal cow's milk, i. e. milk 
from cows not before 10 days after and at the latest three month 
before calv-ing contains only negligible nmount.s of prothrombin, 
whicli appears from Tabic I. 

Table I. 


Milk jirothrombin in per cent 
Cow Mo, oI prothroniljin content ot 

ftaji'inrtl pln»nm 

i:,o 

ojc 0.43 

lil f)-w 

lf.6 

21.5 tt.53 

ITl 

20 " 

401 n.3S 

40 '’ • • '‘*• 3 ^ 

403 f-A' .. . 


Aversee 0.4 (5 
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In the months before and directly after calving one can, how- 
ever, demonstrate considerable amoimts of prothrombin in the 
milk, which appears clearly from Fig. 1, in which the lesnlts 
of the prothrombin determinations at different times about the 
calving are plotted. It 
follows from Fig. 1, that 
about 50 days before 
calving the prothrombin 
content of the cow’s milk 
begins to increase. 

The prothrombin ap- 
pears at the time, where 
the milk secretion starts 
to decrease and the cow 
is going to be dry. At 
parturition the udder 
secretion contains about Pig. 

20pcr cent prothrombin, The ordinate gives the milk prothromhininper 
and after caltdng the cent of the prothrombin content of the standard 

prothrombin content de- ^ gives the days before and the hours 

creases rapidly, and is after calving, 
below 1 per cent after 

3 days. In all 44 milk prothrombin determinations were carried out 
on 20 different cows. Table II shows the decrease of prothrombin 
in the milk (colostrum) from a single cow. 



Hours 

after 

calving 


6 

10 

18 

2C 

30 

42 


00 . 
66 . 
78 . 


Table U. 

Cow No. 224. 

Milk prothrombin in per cent 
of prothrombin content of 
standard plasma 

15 

15 

11 

6.S 

5.8 

2.0 

2.1 

1.5 

1.5 

0.9 

0.9 
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Tkoedarsok (19-11} sncl other investigators have in pregnant 
women demonstrated an increase of the prothrombin content of 
blood. It has therefore been natural to look for the same symptom 
in pregnant con's and p.articularly about the time of parturition, 
when the prothrombin content of milk is relatively high. For 



practical reasons only a few 
animals have been examined 
more then once. In all 46 
blood samples have Ih'cu 
drawn from 35 animals 
during pregnancy and after 
caUdrig, The results of the 
prothrombin determinations 
in blood of cow's arc plotted 
in Fig. 2. 

It appears from Fig. 2 
that the values for the pro- 
thrombin per cent in blood 
of cows show a tendency to 
increase about two months 


Fi". 2. 

The ordinate gives the blood prothrombin 
in fier cent of the prothrombin content of the 
standard plasma. 

The absci«J.a give? the days l>efore and 
after calving. 


before calving. The climax 
is about the time of caUdng 
and the values seem to be 
.at a normal level about a 
month .after calving. 


Calves like newborn infanks .are born with a low prothrombin 
content in blood, and in a few days the prothrombin content in- 
creases to a normal level. It is generally maintained that the tran- 
sitory hypothrombincmia in newborn infants is due to lack of 
vitamin K, and that the increase in prothrombin content of blood 
cannot appear until the child has received K-vit.amin frons outside 
with the natural nourishment or has produced the. \dfamin K 
itself by means of the b.actcria present in the intestine. Smith and 
Little (1922, 1923) and Okcutt and Howf. (1922) have shown 
that the colo-strum of the cow contains certain antibodt(?s, and that 
these antibodies arc ab.sorbed from the intestine of thf' c.alf. It 
has therefore been the, object of our investigations to examine 
whether the prothrombin in colostrum like some nutibodie-H is 
able to pass directly from colostrum to the blood of the newborn 
calf. The foliowing'^cxpcrinient shows, however, that this i« hardly 
the. case. In April 1942 we got the opportunity to cxnmuK two 
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twiii'calves iiumcdiatcly after birth. Calf No. 1 got the mother’s 
colostrum milk in measured amounts and with lmo^vn prothrombin 
contents. Calf No. 2 got ordinary fresh cow’s milli. The prothrombin 
content of blood of the calves was tested during several hours 
after parturition. The details of the experiment were as follows: 

Cdf No. 1, $, born on April the 23rd at 10.30. Weight at birth 25.2 
kg. Got on April the 23rd at 18.00 1.2 litre colostrum (prothrombin 
content: 13 %), on April the 21th at 8.00 1.2 litre colostrum (prothrom- 
bin content: 4 %). In all the colostrum given to calf No. 1 corresponds 
to 22S cc of the standard prothrombin solution (prothrombin content: 
100 %). 

Ca]j Nt 2. born on A])ril tbc 23rd at 12.00. Weigth at birth 22. o 
kg. At the same times as No. 1 it got fresh cow’s milk in the same 
qu.antitic,s (prothrombin below O.s per cent). 

The prothrombin concentration in the blood of the mother of the 
calves on the day of calving was 159 per cent. 

The rc.sults of the experiment appear from Table III. It appears 
that in the newborn calf no difference in the increase of the blood 
prothrombin concentration could be demonstrated whether the 
calf received colo.strum rich in prothrombin or ordinary milk poor 
in prothrombin. 

Table III. 

CiU Ko. 1. CAf No. 2. 


Time in honrs 
ftflflr birth 




ria'snja 
protlirombin 
{wr cent 

Time in hours 
after hirth 



Plasma 
prothrombin 
per cent 

0 honrs 15 min. 




. 7S 

1 

hours 

l!} min. . 



72 

n 

» 

30 





72 

.3 

ft 

15 

ft 



CS 

4 

> 

30 

» 




GS 

r, 

ft 

25 

ft 



72 

G 

> 

30 





74 

7 

ft 

15 

ft 



72 

R 

» 

30 

» 




70 

9 

ft 

15 

ft 



83 

10 

> 

30 





80 

11 

ft 

30 

ft 



74 

12 


45 

k 




78 

It 

> 

45 

ft 



. 75 

IG 

* 

0 

> 




78 

18 

f 

15 

ft 



88 

19 

» 

30 

1 




83 

21 

ft 

15 

ft 



95 

22 

» 

30 

• 




91 

21 

ft 

15 

ft 



88 

25 


30 

> 




88 

28 

» 

15 

ft 



95 

29 


30 

> 




80 

31 

ft 

45 

ft 



97 

32 

* 

30 

ft 




100 

35 

ft 

15 

ft 



97 

30 

• 

30 

ft 




95 

45 

ft 

0 

ft 



105 

40 

» 

55 

ft 




112 









Woman’s milk, also the colostral secretion, is poor in pro- 
thrombin ns compared with cow’s milk. This appears from Table 
IV, which gives the results of prothrombin determination on milk 
samples from a single patient. Other cases have given similar 

21 — 422105. Acta phvs. Scandinav. 
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results and Tabic IV thus dciuonstrato the facts sufficjcntlv. 
There is no difference in the prothrombin content- of milk takra 
in the beginning or at the end of one nursinc. 

Tabic IT. 


Pfttient: 

M. S. 

Partus on 

June the first at 13.00. 

Time in hours 
nfter birth 

Milk prothrombin in 
per cent of the pro- 
thromliin in the st.ntd»rd 
pla-sma for human bvemss 

22 

hours 0 min 


£4 

!» 

30 



27 

> 

20 

» . . . . 


.30 

» 

30 

* • . • . 


30 

» 

30 



42 


30 

> * . • - 


45 


30 



48 

• 

30 




10 other samples on the 3rd and 4th of Juno showed n prothrombin content 
below 0.2 %. 

It should be mentioned that in regard to prothrombin content 
the dog’s colostrum contains prothrombin of the same onler of 
magnitude as the cow’s colostrum. In dogs and rabbits wc have 
not been able to demonstrate a sure increase of tlje blood pro- 
thrombin level during pregnancy. 

Discussion. 

The present investigation shows that ordinary cow’s milk 
contains about 0.46 per cent prothrombin. About 50 days Indore 
calving wlien the cow is going to be dry' the prothrombin concen- 
tration starts to increase and is about 20 per cent at the time of 
calving. In the first day's after birtli the calf rcccive.s no nog ligiblo 
amounts of prothrombin through the milk, but the prothrombin 
in the milk seems to play no part for the. new-born calf. A hyper- 
prothrombinemia can be demonstrated in the pregnant cow the 
last 50 days of pregnancy'. Thi.s hyperprothrombinemia prc'ifrves 
the cow against a fall of plasma prothrombin owing to the los,? of 
prothrombin through the mammary gland. It is not .sursprising 
that one .should be able to dcinomst rate prothrombin in the cow's 
colostrum, as it is a well-known fact that the colostrum lias a 
higher globulin content than ordinary milk. CnoWTJir.n atul 
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Raistrick (1916) have shown that lactoglobulin from colostrum 
is very closely allied to, and is probably identical with, serum 
globulin. Schmitz (1933) and others have demonstrated that 
prothrombin is found in the serum globulin faction. The colostrum 
from the dog contains prothrombin of the same order of magni- 
tude as the cow’s colostrum. Human milk contains below 0.25 
per cent prothrombin. The colostrum from the woman does not 
contain more than 3. 2 per cent. — The question whether the secre- 
tion of prothrombin in milk and the hyperprothrombinemia are 
brought about by the same impulse cannot be answered at present. 
Loss of prothrombin by bleeding does not seem to influence the 
prothrombin level of the blood. It should be mentioned that the 
hyperthrombinemia in pregnant women can be demonstrated 
hrom the third month of pregnancy, i. e. at a much earher stage 
than in the pregnant cow. The average plasma prothrombin con- 
centration in women at parturition is found to be 173 per cent 
with a standard de\’iation of 42, (Schcnheyder and Olsen, 1942). 
The average plasma prothrombin concentration in cows at the 
time of parturition is 134 per cent with a standard deviation of 
17. It is to be supposed that the loss of prothrombin in women 
through the colostral secretion is much smaller tlian in the cow. 
It has not been possible to demonstrate a sure increase of the blood 
prothrombin level in pregnant dogs and rabbits. 


Summary. 

The milk prothrombin level was studied in cows and human 
beings. In the months before and directly after calving one can 
demonstrate considerable amounts of prothrombin in cow’s milk. 
The woman colostrum also contains prothrombin but only in small 
amounts. At other times in the lactation period the cow’s milk 
and human milk contain only negligible amounts of prothrombin. 

The prothrombin content in the cow’s colostrum is of no im- 
portance to the increase of the prothrombin in the blood of the 
new-born calf. 
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Aus der Veterinarhochschule zu Stockholm. 


Uber eine Bepressorsubstanz, die sicli iin 
Serum in yitro bildet. 

Von 

KNUT SJOBERG und ERIC AKERBLOM. 

Eingereicht am 1. Jnli 1942. 


Bei der Untersuchung eines moglicherweise im. Blut vorkorti- 
menden Histamins zeigte es sich, dass Serum, das einige Tage 
bei Korpertemperatur aufbewabrt worden war, eine stark blut- 
dxuckssenkende Wirkung bei der Katze ausubte. Da sicb dieser 
Einfluss nicbt auf einen der bekannten blutdrucksvermindernden 
Stoffe (Histamin, Acetylcbolin, Adenosinverbindimgen, Kalle- 
krein) zuriickfubren Hess, bielten wir es fur angezeigt, diese 
Wirkung und denjenigen Stoff naber zu mtersucben, ■welcber 
dieselbe bervorruft. Die Entstebung eines solcben Stoffes bat fur 
die Serumberstellung und die Aufbewabxung von Serumprapa- 
raten natlirlicb grosse Bedeutung. 

Wit arbeiteten in der Eegel mit Pferdeserum, da man solcbes 
in verbaltnismassig grossen Mengen erhalten kann. Binder- imd 
Menscbenserum zeigten jedocb dasselbe Besultat. Das Blut -wurde 
in sterilen Glaszylindern aufgefangen, und nacb 2i — 48 Stunden 
mirde das Serum in sterile Kolben iiberfubxt, die dann im Tber- 
mostaten bei 37 — 40° C. zwei bis mebrere Tage lang aufbewabrt 
wurden. Wurde das Serum bei Zimmertemperatur gebalten, so 
bHeb die blutdruokssenkende Wirkung aus, und zwar aucb bei 
Gegenwart der Blutkorper in nicbt defibriniertem Blut. 

Bei der in Uretannarkose bei der Katze vorgenommenen in- 
travenosen Injektion von 0.1 — 0.2 ml auf diese Weise bebandel- 
ten Serums trat eine Blutdxuckssenkung ein, die einer Wbrktmg 
von 1 — 5 y Histaminbydrocblorid entspracb (Abbild. 1). Eine 
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Atropinisicrung hob wedcr den Effckt anf noch vcrndndcrte sie 
ihn. 

^ Isolierter iiberlebendcr Meersclwcinchondarm wurde nicht be- 
einflusst. 

Bei intra\en6ser Injektion von 2 ml stark wirksamen Serums 
bei einem nicht narkotisicrten Kaninchcn oder Meorsclnveinchon 
Arurde kcine klinisch nachweisbare Wirknng erziclt. 

Auf Grund dieser Ycrliiiltnisse lassen sich, vie gcsagt, Hista- 
min, Acetylcholin, Adcnosinverbindungcn und IvnllekTcin als bier 
v'irksame Stoffe ausschliesscn. 



Ahbild. 1. Wirkang vorsehioden grower I)o?en aktiven Scnim-» nut den TJiut- 
druck bei der Katzo in Urctanimrkoso. 0.12 ml Senim ohne tVirkung, 0,13 mt 
Blutdruck55enkung. Ersto Injektion 1 y Jlistaminhydroeblorid, in 0.23 nil {shy* 

siol. KoclisalzIOsnng gcliist. 


Die AVirkung ist jcdoch von Histaminnatur und die Blutdrucks* 
senkung beniht auf einer Dilatation der Knpillaren. 

Bei niilierer Untersuchung dcs Einflusses •wcchselnder Mengen 
auf den Blutdruck zoigte es sick, dass cine geu-issc Dosis unvdrk- 
sam war, wahrend cine unbedcutende Steigerung der Mengo cine 
kraftige Blutdruck.ssenk'ung verur.sachte. Es bedarf mit. anderen 
AVorten einer scharf markierten AIinde.stmengc, um einc Bint* 
druckssenkung zu erhalten (Abbild. 1). 

Zweeks naherer chemischcr Kennzeichnung dor wirksnmen 
(Substanz wurdc aktive.s Serum cbcmischcn Beliandlungen untor- 
worfen und die vcrschiedenen Frnktioneri bei der Katzo und 
zur Kontrolle auch am i.soliertcn Moorscliwoinchondarm geprlUt. 

Is'ach der Eiwcis.sfallung umren die Filtrate .stark aktiv. Bei 
den verscliiedenen Beliandlungen, und zwnr vnr nllem bei der 
Frdlung de.s Eiwci.sses aus dern Serum, traten jedocb grossc Ver- 
luste cin, die zum grossen Tei! .‘richer auf einer Adsorption der 
Eiwcis.sfiillungen benihte, Im iibrigen scheint die wirksame Sub* 
stanz bei Zimmertemperatur verhaUnismasHig stabil zn sein imd 
den Einflu-ss verschiedencr Reagenzien zn ertragon. Xarli d'-r 
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Attfbewahiimg in vasseriger Losnng nimmt aber die Aktivitat 
bei gereinigten Prapaxaten nacb einiger Zeit ab. 

Die Eivreissfallnng gescbab mittels K.oaguliernng-bei 80° 0. 
nacb scbwacber Ansauerung mit Essigsaure oder mit Alkobol, 
Amm onimnstdiat oder Triobioressigsanre. 

Das Eiltrat vrar nacb der Koagnlierung in der Warme ebenso 
stark aktiv wie das Ausgangsmaterial, aber wegen des Dmfanges 
der Eiweissfallungen mtrde nnr eine geringe Menge Eiltrat er- 
balten. Die Eallnng mit Alkobol gescbab in der Weise, dass zu- 
nacbst mit dem gleicben Volumen 96ptoz. Alkobols oder einer 



AbbUd. 2. Ktttze in Uretannarkose. A = Serum. B s= Piltrat von Sertun.naob 
F&llung mit dem gleicben polomen einer Miaohung von Alkobol und Ather. Piltrat 
eingedampft im Vaknum nnd in physiol. KoohsakilSsung gelbst. 0 = Filtrat von 
•B naobP&IIung mit dem dreifaoben Volumen von Alkobol -J- Ather sotrie Beband* 

lung vie oben angegeben. 

bCscbnng von 3 Teilen Alkobol nnd 1 Teil Atbei gefallt vnirde: 
Nacb dem Eindampfen des Eiltrates im Vakuum bei 66° anf 
den zebnten ■Teil des urspriinglicben Volnmens ■wnrde eine neue 
Eallung mit dem dreifacben Volumen Alkobol vorgenommen. 
Nacb der Verdunstimg des Alkobols im Vaku'um vnitde ein stark 
aktives Praparat erbalten, obgleicb grosse Verluste teils durch 
Absorption der Eallungen, teils beim Eindampfen entstanden 
(Abbild. 2). 

•Beim Gebraucb gro^serer Mengen von Ammoniu ms ulfat als 
eiweissfallenden Mittels ergaben sicb nacb der Dialyse znr Be- 
seitigung-dfer Ammoniumsalze "wirkmigslose Eiltrate. Wurde die 
Ammonimnsulfatmenge vermindert, • so- •waren die iiltrate wirk- 
, sam, aber das' Eiweisa -WTirde mcbt .vollstandig gefallt. 

Nacb der Eiweissfallung mittels Tricbloressigsaure -wurde das 
Eiltrat mit Atber bzw. Petroleumatber zur Beseitigung des- Eab 
hmgsreagenzea .ausgescbiittelt. Aucb bierbei warden -akfcive Eil- 
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tratc crhalteii, nber wcitcrc Substanz licM sicb au? dor Hiwokv 
fallung durch doren Ausscbuttclung mit gceigneton laisungsmit' 
teln erzielen. 

Diese Verstichc zoigen jedocb, dass die Substaiiz tiiclit aiis 
Ehveiss oder liocbmolclailaren Spaltproduttoii von be- 

stebt. 

Bci Beinigiingsvcrsucben durcb Adsorption zoigte es sioli, dnss 
Kaolin die Substanz nidit adsorbierte, dngegen ^Uuininiumbyd- 
roxyd. Es %var aber nicht nioglicli, die Substanz nnch in Yer- 
sueben mit verscbicdcncn pH-Werten Avieder zn eluieren. 

Die Avirksame Substanz Avar bci ncutralcr odcr sclnvacb alku- 
liseber Hoaktion in W asscr loslicb. Bci Ansaucning bis zu Blau* 
farbung rait Kongopapicr ciner em-cissfreicn Losung Avurdc die 
Substanz gefallt. Dieselbe AA'ar ferner in Sfiproz. Alkohol tuui 
Atber loslicb. 

Bci Versueben zur Rcinigung dor Substanz durcb Ffdlung rnit 
Bleiacetat oder Silbernitrat bci A*erscbicdcncr ’Wassorstoffionen- 
konzentration, Avodurcb cine Fraktionierung von Atnincn bc- 
Avirkt AATirde, trat keine Sebeidung dersclbcn ein, sondern Akti- 
AUtat AATirde in samtlicben Fraktionen crbaltcn. 

Die nacb Ansaucning crbaltcnc Ffdlung Hess sicli wieder in 
Wassor bci scliAvacb alkaliscbcr Bcaktion loscn, Avobci cine etAvaa 
opalisierende Losung crbaltcn Avurdc. Wnrde die genannte Ffd- 
lung mit 95proz. Alkobol oder Atber oxtrnbiert, so orgaben sicb 
nacb Eindarapfung dieser I^sungsinittel und Losung des Biick- 
standes in schwach alkaliscbcr AA'ilsserigor Losung nktiA’C Prapa- 
rate. 

Ein Solcbes, durcb Aviedorbolte Fallungcn gereinigtes Pruparat 
ontbielt ausser anorganiseben Salzen aucb Phosphatide. Durcb 
Phospborbestimmung liess sicb der Phospbatidgebalt im orga- 
niseben Tcilc dcs Priiparats auf ungefabr 50 Prozent, als I/icitbin 
bercebnet, feststollen. Die Substanz knnn soniit ovcntucll Phos- 
phatidnatur besitzen, docb liess sicb dicsc.s noch niebt mit 
Sicberbeit bcAveisen. 

Bei DialyscA'crsuchen durch Kollodiummombran passierteu in 
der Zeit von 4 Stunden kcinc Avabrnehmbaren Mengen Avirksamer 
Substanz. Wurdc die Dialy.sozeit nuf 24 Stunden erstreckt, so 
lic.«s sicb die Substanz aneb ausserbalb der DialysicrbUlse rmch- 
AA'eiscn. 

Kacb einer SO Jlin. langon Enr»rmung aktiA'cn Sf-rum.-J auf 
GO— 05® C. nacb scbAvacber Ansfiucrung mit SnlzsTiurc Avar dio 
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Aktivitat ttaverandert. Bei alkalischer Reaktion, miide dagegen. 
der "wirksame Bestandteil bei obengenaimter Temperatur und 
Zeit vollstandig zerstort. Ein eivreissfreies gereinigtes Praparat 
in neutraler Losung miide nacb 2 Min, langem Kocben oder 
nacb 30 Min. langer Brbitzung im kocbenden Wasseibad inakti- 
viert. In 1 n HCl wurde die gereinigte Substanz nacb 10 Min. 
langer Erwarmnng im kocbenden Wassetbad voUig inaktiviert. 

Zvriscben der von uns.bescbriebenen Substanz nnd den Sero- 
toxinen liegt eine gevrisse tjbereinstimmung vor. Letztere zeigen 
jedocb aucb gewisse Abweicbungen. Sie entsteben bei der Be- 
riibrung mit gevrissen Kontalctsubstanzen, 'wie gekocbtem Ei- 
weiss, Bakterien, Pepton, Agar-Agar, Starke, ge'vvissen anorga- 
niscben Vexbindungen u. a, Dagegen bilden sie sicb nicbt in 
friscben Seren bei Erwarmung auf 37° G. (Jobbing und Peter- 
sen, Lowit, Dole). Die Serotoxine verursacben bei intravenoser 
Injektion bei Meerscbweincben eine Scbockwirkung. Sie •werden 
unvexandert von Alkobol gefallt (Erieebergbb nnd Konitzer). 

Grossere Ubereinstimmung zeigt eine Substanz, deren Wirkung 
von ZiPE und Wageneele bescbrieben ivurde. Eriscb defibri- 
niertes art- oder korpereigenes Blut bevfirkt in einer Menge von 
1 — 5 ml bei Kanincben bei intravenoser Injektion eine mebr oder 
weniger starke Herabsetzung des Blutdrucks. Pie Wirkung ist 
von Histaininnatur. Sie bleibt nacb der Ausfallung des Eiweisses 
besteben. Bei langerer Erbitzung Tiber 70° G. -wird sie zerstort. 

Diese Substanz vrurde pbarmakologiscb von Haaee gepruft, 
der land, dass sie tonusberabsetzend und bewegungsbemmend 
auf iiberiebenden Kanincbendiinndarm sovie tonussteigernd und 
erregend auf iiberiebenden Meerscb\ 7 eincbenuterus wirkte. Es 
bandelt sicb bier jedocb um defibriniertes Blut, "wabrend imsere 
Substanz im Serum gebildet wurde. 


Zusammenfassung. 

Be'wabit man steriles Serum von Menscb, Pferd oder Rind 
einen bis mebrere Tage bei 38° C. auf, so bildet sicb eine Sub- 
stanz, die bei intravenoser Injektion bei der Katze oder beim 
Kanincben eine stark blutdruckssenkende Wirkung besitzt. Diese 
Wirkung ist von Histaminnatur, die Substanz ist aber mit diesem 
Stoff oder anderen bekannten Depressorsubstanzen nicbt iden- 
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tiscli. Zur Herljeiiulinmg einer Blut^iruclcssenkung ist me ge- 
vrissc }ilindestmenge der betrelfenden SubstRuz crforderlich, 
tJberlebendcr McerscTaweinclicndarm %drd niebt beomflusst. 
Die TVirkting bleibt besteben, ’srenn das Eiweisa atis dem Sertim 
ausgeffiUt ivird. 

■ Die Substanz ist ausser in Wasser aticb in Alkohol und Atber 
loslicb. 

Aktives Sernm ertragt- cine 30 Min. lange Erbitznng anf GO- 
GS® C., obne dass die "Wiilamg beeintrSebtigt ■rod. Gcreinigtc 
Praparate sind dagegen temperatnrcmpfindlicb. 
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Aus dem Pathologischen Institut der Universitat, Uppsala 
(Qhef: Prof. R. FAnu.£Us), 
und dom Pflanzenphysiologischen Institut, Ultuna 
(Chef: Prof. Lukdeuardh). 


tiber (las Aiistretcn von ICalinni aus den roten 
Bliitkdrperclicn ini Reservoirblut der Milz. 

Yon 

lULS BRAGE NORDLANDER. 

(Eingcrciclit am 3. Jnli 1912.) 


Im Jalirc 1921 Icnktc Bakcroft das Interesse auf die nm?: 
dutch das Stvidium ihrer Rescrvoirfunktion. Er fasste diese haupt- 
sachlich als einc rein quantitative Rcgelung der Menge der roten 
Blutkorpcrclicn im zirkulicrenden Bint auf. So zeigte er, dass das 
Beservoirhlut der Jlilz sehr reich an roten Blutkorperchen ist, 
die bei Bedarf in den allgemcinen Krcislauf ausgeschuttet werden. 
Die Mechanik der Ilcservoirfunktion war iange dunkel, bis Kkis- 
LEY 193G durcli Untorsuchungen an lebenden Tieren zeigfce, tvas 
vohl das Wesentliche in den eigenartigen Kreislaufverhaltnissen 
der Milz ist. Isacli Knisley sind die Wiinde der Venensinus Filter, 
velche die roten Blutkorperchen zuriickhalten, das Plasma aber 
passieren lassen. Diese Separation kommt folgendermassen zu- 
standc. Ab und zu wird der Krcislauf infolge Kontraktion eines 
Sphinkters an dem venosen Ende des Sinus unterbrochen, wobei 
der Sinus sich mit Blutkorperchen fiillt, wahrend das Plasma dutch 
die Sinuswand hinausdiingt. Weim der Sinus sich mit Blutkdr- 
perchen gefiillt hat, schliesst sich ein Sphinkter auch an dem 
artericllen Ende, und die Blutkorperchen werden in »deplasma' 
tisiertemt) Zustand bis zu 10 Stunden aufgespeichert. Dutch Off- 
nen der Sphinkter und Kontraktion des Sinus werden sie alsdann 
in den Krcislauf ausgeschuttet. 

Schon 1921 stellto FAhbaeus fest, dass, wenn man Blut in 
vitro bei Kbrpertemperatur einige Stunden aufbewahit, die roten 
Blutkorperchen spharisch warden und ihre Neigung zu GeldroUen- 
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bildung so-.ne ibrc Sediraentierungsge^cliAvindigkcit nbnehm-Mi. 
Der Prozess, dcr dio^c Blutumwandlung venirsacht, ist sder Sta- 
bilisicrungsprozesse genannt vrordcn und das Ycrandcrte Blut 
ssfabih'siertcs Blut?, Dio Stabilisicrung, die vorfindcrto Kigcn- 
Echaften sovrolil der roton Blutkorporchcn nls atich dcs Plasmas 
in sich scblicsst, -vrarde nnfangs als cine Folge dos Stillsiaitdes des 
Elutes gedcutet, da sic niebt in gescbuttclten Blutproben cintriit, 
Es ist jedoeb nicht dcr Stillstand an sicb, dcr die Bcilingungcn filr 
die Entstehung der obengennnnten Stobilisierung darstellt, son> 
dern der Stillstand bildet nur die Voraussetzung fur die Sedi> 
mentiorung dcr roton Blutkorpercbcn, wodurcb also' cine Trcmuing 
von Er^-tbrozA-ten und Plasma wahrend dor Erwarmung zustande 
kommt. Wic BERGEXitEii k EAhrakus gozeigt. baben, bestehen 
die veranderfen Eigensebaften dcs Plasmas mabrscbcinb'cb baupt- 
sachlich in eincr Bildung von Lysolczitbin, \vribrend die urdicrc 
Isatur dcr Er^dbrozytcnverandcrung imincr nocb unbekaimt ist. 
Die genannten Verfasser nabmen an, dass die Verandcrungon, die 
das Blut bei dcr Trcnnnng von Blutkorpercbcn und Plasma in 
Autro crfuhrt, vrabrscbeinlicb auch in dcr Alilz stattfinden. avo 
vrenigstens betreffs der Blutkorperclicn dicsclbc Yoraussetzung 
vorliegt vie bei den In-A-itro-Ycrsucbcn, dass bcisst die roton 
Blutkorpercbcn vrerden wabrend cincr Zeit, die in Stunden gc- 
messen AA-ird, in den Venensinus bei Kbrportemperatur deplas- 
raatisiert gcbaltcn. Es liegen tatsacblich Bcobachtungen nus der 
Mitto dcs A’origen Jabrhunderts iiber dicBcsondcrcn Jiigcnscbnften 
des MilzA'cncnblutes A'or, und zwar, dass seine rofen Blutkorpor- 
eben mebr spburiscb sind und verminderte Geldrollenbildimg, 
Eomit aucb goringerc SenkunpgescbAA-indigkcit zeigon als die roton 
Blutkorpercbcn in sonstigen Teilen dcs Kreislaufcs. Das Blut in 
der Milz sebeint also cine ubnlichc Ycriinderung durchzumachen 
Avic das in Autro stabilisicrte Blut, 

Die Eragc, die ich mir bier gestcllt babe, ist, ob nocli audore 
Sondcrcigenschaffen dcs MilzrcsorA'oirbbites auf der Isolicrung der 
Erythrozyten durcli das Abfiltrieron dc.s Plasmas berulien kr»nnen. 

Ludaxv und Mitarbciter baben in einer Beihe A'on IJnter* 
snebungen mcbrcrc Eigensebaften festgestellt, durcb <110 sich das 
Reservoirblut dcr Alilz von poripherem Yonenblut unter.'^clmidot. 
So fanden sic, dass dcr Kab'umgebalt im Rescrvoirplasma <ler Milz 
bei Hiinden im Yergleich mit dera peripberon Blut urn otv.‘a 
200 % A-ermebrt AA*ar. Die Erv'tbrozyten sind bokanntlich r<*icbor an 
KaJium als das Plasma, und die gen.annt»'n Autoron nabmen als 
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Erklarung des erliokten Kaliumspiegels im Plasma eine in der 
Milz eingetretene Hamolyse an. 

Bei eigenen Versuchen. habe icb bei Katzen eine Vermehrung 
um beinabe 100 % feststellen konnen. 

Die Tecbnik bei diesen Tierversucken sckeint vielleicbt eine bessere 
Moglicbkeit zu bieten, die Blutproben aus der Milz pbysiologiscb zu 
erhalten als diejenigCj die die genannten Verfasser benutzt baben 
(narkotisierte Tiere), vresbalb ein typiscbes Beispiel aus dem Versucbs- 
protokoll wiedergegeben sei. 

Eine 2.25 kg scbwere Katze in Morpbium-Numal-Narkose. Scbnitt 
in der Mittellinie und Vorwiilzen der Milz aus dem Baucb, vro man sie 
mit Kompressen umgab, die in warme, pbysiologiscbe Kocbsalzlosung 
getaucbt 'worden waren. Diatbermiescbnitt durcb das Oment und sorg* 
faltiges Eroipraparieren der Vena lienalis auf einer 1 cm langen Streoke. 
Durcb einen kleinen Scbnitt in die Vene vrurde nacb jeder Seite eine 
kleine gerade Glaskaniile eingefiibrt. Diese Kaniilen lyaren durcb einen 
10 cm langen Gummiscblaucb miteinander verbunden. Der Schlaucb 
und die Kaniilen waren im Voraus zusammengebunden und inwandig 
mit einer diinnen Haut von einer 2 %'igen Heparinlosung in einer 5 %- 
igen Gelatineldsung iiberzogen vorden. Diese Losimg 'wurde einige Male 
Tvarm durcb den Scblaucb gespiiit, um nacbber dort zu trocknen, wo- 
nacb die Prozedur viederbolt wurde, Dann wurde der Scblaucb in 
Trockenluft in einer Rohre im Olbad wabrend einer Stunde bis auf 
130“ erwarmt, wobei er sterilisiert wurde und die Gelatine sicb in eine 
wasserfestere Substanz verwandelte. Der so praparierte Scblaucb mit 
seinen Kaniilen wurde mit Ligaturen in der bidzvene befestigt. Die Milz 
wurde in den Baucb zuriickgelegt, der unter minutidsem Blutstillen 
gescblossen wurde. Eine Scbleife des Scblauches liess man bei der Ver- 
nabung ausserbalb des Baucbes zuriick. Die ganze Operation fand unter 
sterilen Massnahmen statt. 

Kacb 4: Stunden wurde durcb den Scblaucb eine intravenose Injek- 
tion von 2 mg Heparin je kg Korpergewicbt gegeben, und diese Injek- 
tion wurde anfangs jede zweite Stunde, spater mit wacbsendem Inter- 
val! wiederbolt. In dieser Weise war es mdgbcb, die Gerinnungszeit des 
Blutes iiber 10 Miuuten zu balten (nacb Morawitz gemessen, abei von 
dem Augenblicke an gerecbnet, wo das erste kleine Gerinnsel aus der 
Probe berausgefiscbt werden konnte). Die Zirkulation im Schlaucb war 
die ganze Zeit gut, die Katze erwacbte allmablicb, wurde lebbafter, 
frass imd trank. 

18 Stunden nacb der Operation wurde dem Scblaucb eine Probe 
entnommen, wonacb 0.2 ccm 0.i%-ige Adrenalinlosung injiziert v^den, 
und nacb blinute wurde nocb eine Blutprobe entnommen. Die Pro- 
ben. wurden auf Senkungsreaktion, Hamatokritenwert und Kalium- 
gebalt im Plasma untersucbt. 

Senkungsreaktion Hamatokriten-n’ert Kaliumgehait 

Probe 1 .... 13 mm/Stunde 33.8 % Erytbrozyten 16. s mg % 
Probe 2 .... 1.5 » i5.2 » » 27.9 » » 
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So-KoU dcx Hamatokritcn'wert als auch die Btabilisierte Seakacrf* 
realrtion beKcisen, das<? Probe 2 BcAerroirblut darstcllte, wShrend Probe 
1 nur Passageblat war. Dcr Untciscbied im Kaliuragchslt ist 
fallig. 

Dicse Metodik ist bauptsacbbcb von Dr J. Mellghek m andcrca 
Zwecke au^gearbeitet worden nnd icb scbulde ibm desbalb srmfSR 
Dank. 

Die vorliegende Untersucbung vrill oxpcrimentell prQfcn, ob 
der gesteigert-e Gebalt an Kalium im RescrYoirblnt dcr Mllr cine 
dixekte .Folge der Separation dcr ErvthroEyten vom Plasma in 
den Sinus der SliLs sein kann, ob also auch bei Separation in vitro 
Kalium bus den Erytbrozyten austritt. Die Tcrsucbe sind an 
Katzen-, Pferde- und Menschenblut ausgcfilhrt worden. Die 
Gerinnung des Blutes- Tnirde durcb Defibrinieren oder durcK 
Zusatz von Zitrat oder Heparin vcrbindert. 

Eine Eeihc von Proben vrurdc zentrifugiert (2 000 Uradrebungen 
je Minute vrahrend 20 Jlinuten) und in eincn Thermostaten von 
40° gcsetzt. Die Blutkorpercben lagen also in diesen Rohrclien 
auf dem Boden zusammcngepnckt mit einer klarcn Plasmaschicbt 
darliber. Eine andcro Reihe mit cbenso vielen Rohrcbcn wurde 
in demsolben Thermostaten in stetiger Rotation gehaltcn. Mit 
geeigneten Intervallen wurde ein Rohrcbcn aus jedcr Reihe in 
eincn Kiihlraum (4° C) gestellt. Als samtlichc Rbhrohcn im Ktihl- 
raum vraren, vrurdc der Inhalt jcdcr Rohrcbcn durcb Umdrch- 
ungen vrahrend einer Minute gemiscbt und die Senkungsroaktion 
nntersucht. Dann' vrurden samtbcbe Rohrchcn zentrifugiert, 
1 cem Plasma abpipettiert und auf scinen Kaliumgchalt untcr* 
Bucht. Proben mit geringstem Zeichen von Humolyso vrurden 
vreggeworfen. Icb hattc die grosse Yergiinstigung, die Kaliura- 
analysen spektrographisch am Pflanzenphyaiologischcn Institut, 
Ultuna, unter der Oberaufsiebt und mit gutiger TJntcrstUtf.ung 
dcr Herren Prof. LuKDEoAp.nn rmd Dr PniLiPSSorr ausfilhrcn zu 
diirfcn, wofiir icb aucb hier meinen vrarmcn Dank sagen mochte. 

Die Hauptergebhisse gehen aus den beistchenden Diagrammcn 
bervor. Die dicken Linion bczeichncn die Sedimenticrung dcr 
roten Blutkorpercben, die dtinnen den Gchalt an Kabum im 
Plasma. Die au-sgezogenen Linien bcdcaten stabilisierles B!ut, 
die gestrichelten Idnicn Blut, das durcb ununterbrocbenc Rotation 
an der Stabilisierung gebindert wurde. Abb. 1 zeigt, dass nacb 
einer 9-st(indigen Separation der Erytbrozyten vom Plasma in 
dcCbrinicrtem Pferdeblut so nucI Kalium au-sgetreten ist, dasn 
dcr Kaliumgchalt des Plasmas um 101 % gestiegon kt. In der 
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Abb. 1. 


Abb. 2. Abb. 3. 


gleicKzeitig etwatmten, aber die ganze Zeit rotierenden Probe, 
die also mcht stabilisierfc ist, ist der Kaliumgehalt nur um IG^a % 
gestiegen. Abb. 2 zeigt dieselben Verbaltnisse bei Zitratblut vom 
Herd. Die Steigerung des Kaliumgebalts betragt bier nacb 
6-stimdiger StabHisiermig 73 %, rvaktend die nicbt stabilisierte 
Probe eine Steigerung um 97* % zeigt. Abb. 3 ist mit Heparinblut 
vom Menscben erhalten. Nacb TVs-stiindiger Stabilisierung ist 
der Kaliumgebalt um Si % gestiegen, in der nicbt stabilisierten 
Probe nur um lY* %• 

Die Senkungsreaktion zeigt in. samtlicben Kurven eine starke 
Stabilisierung, und die Blutkorperchen sinken am Ende der Ver- 
sucbe nur wemge Millim eter- Aus den Zwisebenwerten gebt deut- 
licb bervor, dass sicb die Durcblassigkeit der Blutkorpercben- 
membranen fiir Kalium tmd die Stabilisierimg der Senkungs- 
reaktion parallel entn-ickeln. 

Das' Hauptergebnis dieser Untersuchungen von Pferde-, Men- 
Bcben- und Katzenblut ist, dass eine Separation der roteu Blut- 
korpefeben vom Plasma (bzwi vom Serum in defibriniertem Blut) 
bei Nbrpertemperatur in vitro einen Austritt von Kalium aus den 
roten Blutkorpercben bervorruft. Es bat sicb also die bemerkens- 
werte Tatsacbe berausgestellt, dass eine Separation der beiden 
Hauptbestandteile des Blutes Voraussetzung eines Austausebes 
zwiseben ibnen bei einer nachfolgenden Vereinigung bedeutet. 
Aus angestellten Versueben gebt bervor, dass dieser Austauscb 
sofort in voUem Ausmasse stattfindet, uenn Blutkorpercben xmd 
Plasma nacb der Warmebebandlung 'wieder gemisebt "werden. 
Mebrstundige Dmdrebungen dieser bCscbung bewiilrt keinen 
gesteigerten Austritt von Kabum aus den roten Blutkorpercben. 
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Dcr oben bcscliriebenc In-vitro-Vorsuch kunnto als am MoilcU 
fur dns Verbaltfii dcr roton Blutkorpcrcbcn in dcr Milr, dicncn: 
bc'i den In*vitro-Yorsuchcu erfolgt die Trenntmg vora Piasm.i 
dutch Zcntrifagiorcn, in den Ycncnsinxis der Milz dutch Piltiiercn. 

Dio Frcimachung einer gewisson Mcnge Kalium nius den rotcn 
Blutkorperchcn kann auf zwei Artcn stattfinden: 

1) Totaler Zcrfall einer ilnzahl roter Blutkorporchen. Dio Yor- 
ausselzung der grossen Steigorung des Ivaliuragehalts dcs Plasmas 
■ware dann cine bctraclitlichc und zwcifellos augenfalllge Iblrao- 
lyse, die abcr niemals cingetretcn ist. 

2) Gosteigerte Durclilassigkeit samtlichcr roter Blutkorporchen 
fiir Kalium — ohne glcichzcitigcn Zcrfall — die dutch cine Ver- 
anderung der Obcrfliichc cintrctcn miisste. Dass cine Unuvandhing 
der Obcrflachc in den bci Kbrpcrtemperatur gehalfcnen, deplas- 
matisicrtcn rotcn Blutkorpcrchcn tatsnchllch stattfindet, gelit 
daraus hcrvor, dass, Avic oben angcdeutet, diese spharisch ^verdon 
und ihrc Aggrcgabilitat hcrabgcsetzt ^\^rd, Yorandcrungen, die 
von Beroekhem und Fahraeus als oin Yorstndiinn dcr Ilumo- 
lyse gedeutct unirdcn. Hierfur sprcchcn auch Bcobachtungen vou 
Orauovats, vonach die roten Blutkorporchen dcs Milzvencn- 
blutcs gegon liypotonen Salzlosungcn wonigor rcsistent aind. 

Die hicr vcrtretcnc Auffassung, dass die i^Iilz fiir den Stoff- 
wcchscl dcs Kaliums ini Organismus von besonderer Bcdculung 
ist, weil in ihr Kalium aus den rotcn Blutkbrperclicn ins Blut- 
plasma iibcrgcht, kann vicllcicht an intercssantc Bcobachtungen 
von IlEKRiquES und 0rskov angekniipft ■\verden. Diese Por- 
schcr fnndcn, dass bci Anainic. die sie dutch Adcrlass odor In- 
jcktion von Phcn 3 dhydrazin bci Kaninchon und Hunden hervor- 
riefen, der Gclialt der rotcn Blutkorpcrclicn an Kalium erhoblich 
stieg. Diese Tatsachc wurdc in dor ^Ycise gedeutct, dass die jungen 
Blutkorporchen, die bei dicsen Zustanden in rcicher Menge in die 
Blutbahn ausstrbmcn, bctriichtlich knliumreicher sind als die 
alten Blutkorporchen und dadurch den ubrigon Geweben dcs 
Kbrpers in bezug auf Kaliumgehalt niiher stohen. Die.Yerfasser 
zichen die Polgerung, dass das Altcrn der roten Blutkorporchen 
mil cinem Yerlust von Kalium verbunden ist. Moincr Meinung 
nach ivird diese Yorandcrung dutch wicdcrholte Milzpnssagnn 
hervorgorufen. 
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Zusammcnfassung. 

1) In Plasma von Eeservoirblut der Katzenmilz ist der Kalinm- 
gelialt iin Verhiiltnis zum periplieren Bint urn beinahe 100 % 
gesteigert. 

2) Bei Erwarmung von roten Blutkorpercben und Plasma (bzw. 
Serum) von Katzen-, Pferde- und Menscbenblut, das in vitro 
dmcb Zentrifugieren. separiert worden ist, geben die roten Blut- 
kopercben Kalium ab. 

3) Es v'ird die Tbeoric aufgestellt, dass der gesteigerte Kalium- 
gelialt des Keservoirplasmas der Mils eine Folge der Separation 
der roten Blutkorpercben vom Plasma in den Venensinus bei der 
Rescrvoirfunktion der Milz ist. 
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The ex])rcssion “specific dynamic action” was introdticod by 
Rubner (1902) as a term denoting the stimulating action of 
foodstuffs on metabolism. The actual phenomenon that intake of 
food increases the basal metabolism u'ns obson-cd n.s long ago as 
by Lavoisier. In the century and a half since Lavoisier made 
tliis observation it has been the subject of innumerable investi- 
gations with the object of elucidating the fmulamcntal can.«e of 
the increase of energy output induced by food absorption. But in 
spite of all the labour expended on experiments of this rather 
delimited problem, complete clarity has not yet been obtained. 
It i.s true that it lias been possible to discard certain theories as 
being imsatisfnctory, but a large num])or may still be said to be 
under di.scn.ssion. Nevortlielcss, there seems to be general agree- 
ment that the proteins or the products of protein digestion -- 
the amino acids — have a much greater effect on the basal me- 
tabolism than the nitrogen-free foodstuffs. It may also be said 
that most authors agree that the action of the amino acids is 
fundamentally different to that of the nitrogen-free sub'danccs. 
That the action of amino acids is not as.sociatcd with the amino 
acids as such, but with their transformation in the organism is 
likovdsc recognixed by the majority of tliose who have occupied 
themselves with the. problem. 

^Vithont going into details, the theories concerning the action 
of the amino acids may be. .said to fall within ta'o gronj)s. The 
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action, is ascribed either to the nitrogen-free part of the mole- 
cule and its brcalcdown or to the amino group and its further 
transformation into urea. 

In 1916 Gbafe published experiments showing that ammo- 
nium salts possess a specific dynamic action. This observation 
did not earn general recognition, however, to a great extent due 
no doubt to the fact that Graham Lhsk in collaboration with 
Atkinson (1918) was unable to substantiate it. Ltrsic is probably 
the scientist who has devoted most effort to the investigation of 
the specific d}mamic action of foodstuffs. Still, his experiments 
on the influence of ammoniumsalts on metabohsm are few and 
unconvincing. 

In 1931 I published a series of experiments on the specific 
dynamic action, performed on dogs. These experiments included 
a comparison of the action of amino acids and ammonium salts. 
The ingestion of the same quantity of nitrogen in the form of 
alanine and ammonium lactate gave the same increase in the 
consumption of oxygen, whereas the ingestion of sodium lactate 
was without evident effect. Ammonium chloride also turned out 
to have the same action per gram of ingested nitrogen as the 
amino acids alanine and glycine. From these investigations I 
drew the conclusion that the specific dynamic action of proteins 
is associated with the amino group, either because the ammonia 
freed by deamination acts as a metabolism-increasing irritant, or 
because the synthetization of the ammonia to urea represents 
WQik and thus involves a consumption of energy. Two years ago 
(1910) Obebdisse published his investigations on the specific 
d 3 maraic action of the proteins, comprising inter alia experiments 
on the influence of ammonium salts on the oxygen consumption 
of the isolated artificially perfused liver. In these investigations 
Obebdissb observed no action of ammonium salts. At the time 
when I became aware of these investigations I was engaged on 
experiments with artificially perfused isolated livers, and I there- 
fore resumed my earlier studies of the specific dynamic action 
of amino acids and ammordum salts, employing a technique 
similar to that used by Oberbisse. 

Technique. 

The experiments were performed on cat livers perfused^ via the 
portal vein by the technique usually employed in this institute (cf. 
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Lir>'DSG.AARD, Nielsen- and 0n5Kov 1936). The cat blood nssd lor 
perfusion -sniB modcrntelr diluted Trith Binger solution, so that the 
oxygen capacity lay at about 12—13 volumes per cent. The weicht 
of the livers was between 60' and 100 g., with an average weight ol 
about 80 g. The minute volume, which is very constant within the 
individual experiment, %'nricd from one e.xperimcnt to an other frora 
50 to 70 c. c. according to the size of the liver. 

As the aim of the experiments was an evaluation of the total extra 
consumption of o.xygen after the addition of amino acids and nmmo' 
nium .salts to the perfusion blood, the application of a method of con> 
tinuous recording of the oxygen consumption was of great importance. 
For this purpose I introduced a photo-electric rt'eording of the oxygen 
content of the venous blood. The technique for this was the most 
simple imaginable. The venous blood from the liver p.asscs a cell in- 
serted between a constant light source and a photo-cell. The photo- 
current is recorded by a galvanometer whose sensitivity is adjusted 
so that the changes in the oX}*gcn content of the venous blood gene- 
rally occuring in my experiments give a deflection of 5 to 7 cm. on 
the scale. 

If in a coordinate system with a logarithmic division of the ordinate 
the galvanometer readings are plotted along the ordinate, and the. 
blood oxygen content in volumes per cent along the absciss-i, we ol)* 
tain straight line curves with a constant incline independent of the 
haemoglobin concentration. On the other hand, the position of the 
curve in the coordinate system is determined by the haemoglobin 
concentration. A considerable number of determinations of the o.xy- 
gen content of the venous blood according to Van' Slykt. were made 
in some preliminary experiments for the purpose of determining the 
inclination of the curve by comparing the results with the sirault.'i- 
neous galvanometer readings. A considerable variation of the oxj'gcn 
content in the venous blood was obtained partly directly, in that the 
oxygen consumption of the isolated liver always falls considerably in 
the first 30 — ^60 minutes after commencing artificial perfusion (see 
later), partly by altering the amount of oxygen taken out of each 100 
c. c. of blood by ligaturing smaller or larger parts of the liver while 
keeping the minute volume constant. The inclination of the standar- 
dization curve having thus been established with sufficient nccurncy, 
it was only necessary in the actual cxj)criracnts to make a few Van* 
Slyke determinations of the oxygen content in the venous blood. 
In theory a single determination should suffice to establish the |H>si- 
tion of the cuivc in the coordinate system; actually, five or .six were 
made in order to find the position with greater accuracy and also for 
the purpose of cheeking the photo-electric measurements of the oxy- 
gen content. Cliangcs in the osmotic concentration of the pl/isma, 
which cause the,corpuscIc.s to .shrink or swell, compromise the photo- 
electric dctcrminat!on.s, as well n.s changes in the haemoglobin con- 
centration within the e.xpcrimental period lead to errors. It was po'^- 
.siblo to provide almost complete corapen-sation for the latter crroi^ 
by calculating the oxygen consumption from the difference between 
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tlie photo-electrically determined oxygen content in tlie venous blood 
and the oxygen content of tbe arterial blood at tbe heghinhig of the 
experiment, determined by the Van SdyIie method. A moderate in- 
crease in concentration of the blood has the effect that in the latter 
part of the experiment the oxygen content of the venous blood is 
read somevrhat too low; but if at the same time we disregard the si- 
multaneous increase of the oxygen content in the arterial blood, the 
error is compensated. There is no theoretical foundation for such a 
procedure, of course, but experience has shown that in practice it 
reduces greatly the errors due to a change in concentration of the blood. 
In experiments of about two hours’ duration the increase in the oxy- 
gen capacity of the blood usually amounts to less than 0.5 vol. per 
cent. 

In the experiments to be described in this article the additions made 
to the blood were glycine, alanine, ammonium lactate and ammonium 
carbonate. In most experiments the cpiantities correspond to 56 mg.N. 
dissolved in 5 c. c. water. The additions were made in a single dose 
bj’ pouring the solution down into the blood reservoir of the oxyge- 
nator. This caused no osmotic changes capable of disturbing the photo- 
electric determination of the oxygen content in the venous blood. 

The usual ^jroccdure was as follows; after commencing artificial 
perfusion the oxygen consumption of the liver was observed until it 
became constant; with great regularity this occurs in the course of 
about an hour. The great advantages secured by continuous photo- 
electric recording of the oxygen content in the venous blood become 
manifest by the fact that it is possible to determine with certainty 
when the oxj'gen consumption has reached a constant level. Further- 
more, it is possible to draw samples of venous blood for ox^’^gen deter- 
mination after Van Sia'ke at such intervals that one obtains the 
greatest possible variation between the oxygen content in the samples, 
this being of importance for the accuracy with which the “standardi- 
zation curve” can be laid. VTicn the oxygen consumption of the liver 
has become constant one adds the substance the effect of which is to 
be tested and the oxygen consumption is again traced until it once 
more becomes constant, as it will usually do almost at the same level 
as before the addition. The galvanometer recordings are not photo- 
graphed but read off at intervals of five minutes, except during a 
rapid increase in the oxygen consumption, when the intervals are of 
one or two minutes. 

The oxygen content of the arterial blood was determined only to- 
gether with the first and the last sample of the venous blood. The 
oxj'gen consumption was calculated in two ways: from the minute 
volume and the difference between the photo-electrically determined 
oxygen content in the venous blood and the first arterial blood sample 
(cf. above), and also from the Van Sdyke determinations, the amount 
of oxygen taken out of each 100 c. c. of blood in the first half of the 
experiment being calculated with the oxygen content of the first ar- 
terial blood sample as a basis and in the latter half with the oxygen 
content of the last arterial blood sample. 
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The vadiitloiK of the oNypeii cons«tii]»tion are p!ottC(l in tisc 
of curve? from the photo-clcctrie. deterTnination?. The total 
consutuption of oxygen after the addition of the variou? suhjte.rici^ 
is calculated from the area of the curve above a straight line conutvt- 
ing the curve level before and after addition. 


The Experiments. 

In n series of cxpcriinonts a comparison ava.? marie botwcijj 
the actions of the same quantity of nitrogen added to the b!oi4 
in tire form of glycine, alanine, annnonium lactate and arnmo- 
ninm carbonate. The quantity of nitrogen employed ^vas oG ms. 
The choice of this dose arises from the fact that the fir.st experi- 
ments were performed with the addition of 300 mg. glycine {unl 
must, therefore be described as rather a c.nsual one. The dose 
employed may be considered fairly moderate. The toti\l volume 
of perfusion blood and liver tissue in tli.c experiments amounted 
to 300 — 3u0 c. c. Provided the* distribution was equal, the, in- 
crease of the amino-nitrogen in the blood would thus be IG to 10 
mg. per coni. However, direct determinations of the amino-nitro- 
gen in whole blood by Poux’s method have .sliown that on an 
average the increase amounts to only about 8 mg, per cent., 
due to a large part of the amino acid added becoming fixed in 
the liver tissue. For this reason determinations of the blood 
amino-nitrogen provide a .somewhat uncertain picture of the 
course of the amino acid breakdown, and even though determi- 
nations of this kind were made in the majority of the experi- 
ments, the results will not be di.scussed licrc. 

TiiC curves fig. 1 reproduce the typical course of the variations 
in the oxygen comsumption after the addition of glycine, alanine, 
ammonium lactate and ammonium carbonate respectively. 

The Eomcwliat lower and more protracted course doscribf’d hy 
the increase of the oxygen consumption after the ruhlition of 
glycine is a constant feature, one that may even Ik; much nn*rc 
pronounced than is the case in the e.xperiment reproduce<l in 
fig. 1. The longer the duration of the increase in the oxygen con- 
•sumption, the greater is tlie uncertainty of the determination of 
the total extra consumption of o.xygen, E.tpcrimcnts .«uch as those 
<le?cril>cd above have the advantage over experiments on intact 
.onira.als that the increase in the oxygen consumption in per cent 
of the bas.al consumption, is large and at the .same time of short 
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Fig. 1. 0.’cygcn consumption in i?olntc<l liver prcpnrntioas before nnd after addition 
of: 1. glycine, 2. alanine, 3. ammonium lactate, -1. ammonium catbonate. Ab- 
scissa: time in minutes. Ordinates: oxygen consumption per minute in c. C. 
0 ‘. Vas SnvKi; determination.^ of oxygen consumption. 


Table I. 

Total cr/rfl constmpiwn of oxygen (in c. c.) after addition of 5G 
mg. nitrogen to isolated liver preparations in the form of glycine, 
alanine, ammoninm hctaic and atnmonivm carbonate. 

Glycine Alanine NTH, -lactate NIt,-carbonato 

GO 55 40 GO 

— 50 00 55 

40 58 55 47 

40 39 60 5t 

53 43 58 

70 03 38 

5 / 05 53 

00 65 53 

47 52 62 

45 48 

52 


Average 53.5 


54 
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duratioti, whicli means that determination of the total extra 
consumption can be made n'ith considerable accuraev. 

However, the total extra consumption of oxygen varies more 
from experiment to exporimont than would appear from the 
experiments shown in Fig. 1. Table I .“^hows the. total extra eon* 
sumption of oxygen in all experiments performed with tiie addi- 
tion of .oG mg. FT. 

When calculating the average total extra consumption of oxv- 
gen after the addition of glycine I omitted one experiment in 
which there was no definite increase of the consumption at ail. 
This experiment is of particular interest, in that the determina- 
tions oi the blood aminoacid-nitrogen showed that after having 
increased in the usual manner after the addition of glycine, the 
amino-nitrogen remained practically constant, whereas the nor- 
mal is that, it decreases and roaches almost the initial value when 
the increase of the oxygon consumption lias subsided. Thus it 
would seem tluit the cause of the absenpc of any increase, in the 
oxygen consumption was that ‘for some tinknown re.'ison the 
liver (lid not metabolize the amino acid that was added. Accord- 
ingly tlic ex'periment- supports the generally recognized opinion 
that a rise in metabolism is associated with metabolic changes 
undergone by the amino acids. In this connection I would tneu- 
tion that amino acids have no effects on the oxygon consumption 
in an artificially perfused hind-leg preparation. 

-Vs will be seeiv from Table I, there is fairly good conformity 
among the average values' of the absolute e.xtra consumption 
of oxygon after ingestion of the .same cjuantity of nitrogen in the, 
form of glycine, alanine, ammonium lactate and ammonium car- 
bonate respectively. The same conformity appears in the experi- 
ment reproduced in fig. 2, in which three consecutive incteases 
of the oxygen consumption in the .same liv'cr were produced by 
the addition of ammonium lactate, ammonium carbonate and 
then ammonium lactate again. 

In this c.xpcrimont n .somewhat .smaller (pmntity of nitrogen 
was employed for the. purpose of obtaining increases in the oxy- 
gen con.sutnption of short tlurntion, ns otherwise the period of 
the experiment would be too long. Tiic fact tlmt the diinitioa 
of the increased oxygen consumption varie.s with the .size of the 
dose much more than the maximum increase in the oxygen ab- 
sorption per minute is very pronounced and appears distinctly 
in the experiment shown in fig. 3. 
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Pig, 2. Oxygen consumption of isolated lirer preparation before and after conse 
cutive additions of ammonium lactate, ammonium carbonate and ammonium 
lactate. Abscissa; time in minutes. Ordinate: oxygen consumption per minute 
in 0 . c. o: Van Slyke determinations of o.xygen consumption. 



Fig. 3. Oxygen consumption of isolated liver preparation before and after adition 
of increasing amounts of ammonium lactate. Abscissa; time m minutes. Ordi- 
nate; oxygen consumption per minute in c. c. o; Van Suyke determmations ot 

oxygen consumption. 
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It Vvlil bp fcen from the curve in fig. 3 that Avhen ammonium 
bictato is added in the proportions of 1:2:3, one obtains vdth 
each addition an extra consumption of oxygen tbnt is vorv nearly 
proportional to the quantity addc<I, and that this is due tuainlv 
to the fact that the duration of the action increases with rising 
doses. This is in accordance udth the result of previotudy published 
experiments on the feeding of increasing doses of protein to a 
dog (liUXDSGAABD 1931). Thcrc is reason for emphasizing this 
fact, as it provides a very simple explanation of the “svimination 
ereperiments" of D. Rappout and collaborators {192-i, 1920 and 
1927), as already indicated in my earlier publication (1931). 

The proportionality between the added qu.antity of nitrogen 
and the total c.xtra consumption of oxt’gcn also appears from 
Table II. As only a limited number of e.xpen'mcnt s were performed 
with the addition of smaller nitrogen quantities than 36 mg., 
all experiments with the same quantity of nitrogen arc gathered 
into the same column, rcgardlc.ss of wlio.ther the nitrogen was 
supplied in the form of amino acid or ammonium .salts. 

Tntdo 11. 

3'ofn? erfn; fon.^umdon of myrien (in e. c.) aflrr of/ddien nf iA'.f', 
37 find 5(j inrj. nUrofjrn io i^olnlcd fiVer prfpijmdonf. 


18.5 ing. X. 

37 ing. X. 

.70 me. X. 

17 

37 


12 

33 


IS 

23 


IS 

31 


10 

2G 

rf. 


32 

32 

33 

31 

2S 

3.; 

33 

tivlilr I. 

IG 

32 

73 


The average c.xtra covsumption of o.xvgen per mg. of rubied 
nitrogen after the addition of 38.b, 37 and uG mg. K. was 0.?<, 
0.87 and 0.92 c. c. Thus it may be said the experimciii.s chow 
that tiie total extra con.sumption of oxygen i.s proportional to 
the added quantity of nitrogen. 

It was .stated above fh.nt f)ie iticrcaKt* of the oxygen eon'iump* 
tion after the addition of glycine is as a rule more protracted in 
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its course than after the addition of alanine and particularly 
after that of ammonium salts. Without doubt this has some con- 
nection with a slower deamination and the consequent slower 
synthetization of urea after the addition of glycine. In my exper- 
iments only two samples were taken for urea determination 
after the addition of an amino acid or an ammonium salt, viz. 
30 and 60 minutes after the addition was made. Consequently, 
the results of the experiments provide no exact measure of the 
rate at which urea is synthetized, particularly as the total blood 
volume varied somewhat in the different experiments. Neverthe- 
less rhe increase in blood urea in mg. per cent, in tlie course of 
the first half hoiu: after the addition must give an approximative 
measure of the rate at which the urea synthetization proceeded 
in the various experiments. If this increase of urea is plotted in a 
coordinate system against the maximum increase of the oxygen 
consumption expressed in c. c. oxygen per minute, it should be 
possible to form an idea of whether there is any relation between 
the rate at which urea synthetization takes place and the “pitch” 
of the increase in oxygen consumption. This was done in the 
diagram fig. 4. 

fig. 4 shows, there seems to be rather close proportionality 
between the rate of the urea synthetization and the maximum 
increase of the oxygen consumption after ingestion of the same 
quantity of nitrogen. As the total extra consumption of oxygen 
after ingestion of the same amount of nitrogen is rather constant, 
this means that the duration of the increase in the oxygen con- 
sumption is in inverse ratio to the velocity of the urea syntheti- 
zation. This certainly seems to suggest a very close connection 
between increased oxygen consumption and urea synthetiza- 
tion. 

In conclusion I may mention that experiments with the addi- 
tion of ammonium chloride did not give results that were in 
complete accord with those obtained with ammonium lactate 
and ammonium carbonate. After the ammonium chloride has 
been added a steep increase of the oxygen consumption sets in 
very quickly as in the case of the other ammonium salts, but 
this increase soon turns into a fall in the oxygen consumption, 
which continues xmtil values are reached far below the level 
prior to the addition. The explanation of this must be that the 
change in blood reaction which occurs when the ammonium ion 
is transformed into urea brings about a depression of the oxygen 
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3'ip. 4. Kfliitiou bolwMn maxinialincrfa'se in oxygen consumption j'crmlnutt'tof- 
(linntc) find incrca?<? jn blood wrca (mp. per cent) in the first half hour |'en.>5 fab- 
pd? 5 a). o: esporiment'* xcith glycine, ©: experiment,'! with (slaninc. -f: exiHritnents 

with flmtnonium lactate. 

consumption tvhich in part compensates tlie increase in tlio oxy- 
gon consumption. Ammonium lactate and ammonium carbonate 
are incapable of producing a corresponding increase of the hyd- 
rogen ion concentration, as the lactic acid is oxyditced and con- 
verted into glycogen and the carbon dioxide is removed in the 
oX}'genntor. 

I am unable to offer a satisfactory explanation to ibc discrep- 
ancy between Obekbissf/s and my results as to tlic effect of 
ammonium salts. According to my experience dog livers arc less 
suitable for perfusion experiments than c.it livers. OnEunissz: 
has performed only a few (4) experiments with atnmonium cni- 
bonatc. In two of the experiments the dose employed was ratlter 
small. In the experirnenr. stated in detail in OiiEumssES paper 
the ammonium carbonate was not added to the preparation till 
two hours after the beginning of the artificial perfusion. Tlie 
oxygen consumption of the liver was very low and moreover 
markedly declining in the period just before the addition of am- 
moninm carbonate was made. 

Discussion. 

The results of the above-described experiments with isolated 
liver preparations are in conformity with my earlier rcsultH (1931) 
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of experiments on intact animals. Both series confirm the ori- 
ginal observation of Geafe (1916) that ammonium salts have a 
specific dynamic action. In my experiments this action has proved 
to be of the same order as the action of amino acids. It v'ould 
therefore seem that we must abandon all theories as to the cause 
of the specific dynamic action of proteins, according to which 
the action is associated with the nitrogen-free part of the amino 
acid molecule. An inorganic ammonium salt such as ammonium 
carbonate has a specific dynamic action, as, has ammonium lac- 
tate, whereas lactic acid and sodium lactate have no effect on 
the energy output. 

The possibility that the amino acids as such act as a metabo- 
lism-increasing irritant can only be maintained if at the same 
time we assume that ammonium salts have a similar action. 
Quite apart from the fact that vuth the exception of Borxstein 
(1929) most authors who have occupied themselves with the 
specific dynamic action of proteins and amino acids have rejected 
this possibilit}', it is also possible in tlic experiments reported 
above to find arguments against such an idea. That the action 
of amino acids is associated with their transformation is suggested 
by the one experiment in which no effect was observed on the 
oxygen absorption after the addition of glycine, for, as I have 
stated, the determmat'ons of the blood amino-nitrogen showed 
that the liver in question was unable to metabolize the ingested 
amino acid. The coimcction betu'cen the course of the increase 
of the oxygen absorption and the rate of the urea sjuithetization 
also argues very decidedly that the effect on the oxygen absorp- 
tion is associated with a break down of the amino acids. 

It should be possible to rule out the idea that the effect 
is associated with the deamination process itself, seeing that 
ammonium salts have the same effects as amino acids. 

On the basis of the experiments described in the present ar- 
ticle I consider that there is no room for the possibility that the 
ammonia freed by deamination should act as a metabolism- 
increasing irritant, though in my earlier publication on the same 
subjecu I was not prepared to deny that possibility. An effect on 
the nervous system — it was this possibility which formerly I 
believed should be taken into consideration — is out of the quest- 
ion when the effect can be produced on isolated liver preparations. 
Bortbermore, it is certain that when the amino acids and the 
ammonium salts arc added directly to the blood in a single dose. 
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a? in th(.‘>c expc'rnnent'?. tise aitunc-iiia cohrentnuinn oiita'nn-J 
w blood and will Iny quite (lifferciit arcordin^ to wlicther 

the addition k an aniino acifi or an anunoniuni then' 

practically no difference in the increase in oxygen nni-^umption 
after the addition of alanine and an atmnoniuni .^alr, there cannot 
possibly bo iiny j)arjdlelisjn between the nninionia concentration 
and the increase in the oxygen ccmsutnption. After the inge:stion 
of an nmmonuimsalt the ammonia concentratimi in the blotKl 
must reach a maximum at once, and thereafter decrease townnls 
(he very low, normal values. On the other jiand. the course of 
the increase in the oxygon consumption is such that it very qiiichly 
readies a maximum, whereupon it remains more or le.«s unchanged 
for .some time, to decrease rapidly to the same level as before 
the addition. Here again it is .seen that increased oxygen eon* 
sumption and ammonia concentration catmoi have a jiarallel 
cour.se. I have convinced myself that tlic total increase of the 
consumption of oxygen is not dcpciulcn* on the concentration 
of the added .substance, but solely on the absolute rpiantity 
added, b}' proceeding in the following manner in a few experi- 
ments. When ammonium lactate was added to the. blood there 
Wfl.s a rise in tiic oxygen con.sumption. After tlii.s increa.so. had 
subsided the quantity of blood in tiic apparatus wa.s reduced to 
about half. To tlii.s again the .same quantity of ammonium lac- 
tate was added. --Vlthougli the ammonium lactate concentration 
after the second addition was about twice an liigh a.s after the 
first addition, the rises in the oxygen consumption after the two 
additions were completely .similar both as to course and as to the 
total extra consumption of oxygen. 

In my opinion the oxTicrimcnts fie.scribcd above can have only 
one interpretation, viz. that the .specific dynamic action of amino 
acids is associated witii urea .syntlietizatioJi, which apparently 
requires a considerable amount of energy. We know from KnEirs* 
experiments (1933) that urea .synthetization proceeds only under 
aerobic conditions and therefore mu.st bo as.sumod to bo brought 
about by o.xydati^’c processes. 

As the total e.xtra consumption of oxygen Im.s been dotermimsl 
with fairly liigh accuracy in thc.se experiments, thanks to the 
continuous registration of the oxygen consumption and the rdu- 
lively sliort duration of the incrca.se.s, it should be po.ssiblc, on 
the basis of the experiments, to e.stimate the energy consump- 
tion a.sKociated with the urea synthetization. 
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The average extra consumption of oxygen per gramme of 
added nitrogen in my experiments is 900 c. c., which corresponds 
to about 4.0 calories. This figure, however, cannot directly be 
accepted as a measure of the amount of energy consumed per 
gramme of nitrogen converted into urea. It is not certain a priori 
that the whole quantity of nitrogen added is transformed, and 
transformed into urea within the period in which the absorption 
of oxygen is increased. Even if this were so, it is not certain that 
the added quantity of nitrogen gives a measure of the increase 
in urea synthetization within that period. Without the addition 
of amino acids or ammonia salts there is a synthetization of urea 
in the isolated liver, and this spontaneous synthetization might 
possibly be impeded after the addition of a surplus of substrate. 

As already stated, a considerable part of the ingested quantity 
of amino acid is fixed in the liver tissue, and therefore deter- 
minations of the amino-N content in the blood are not very suit- 
able for an evaluation of wdiether the whole of the added quan- 
tity of amino acid is transformed within the period during w'hich 
the oxygen absorption is increased. Determinations of the blood 
aminO'N before and after the addition of glycine have shown 
that one hour after the addition the amino-N content is usually 
from 1 to 1.5 mg per cent higher than before tbe addition. How- 
ever, a slight increase in the amino-N content in the blood may 
also occur in liver perfusion experiments in which no amino acids 
are added to the blood. 

There is no doubt that we obtain better information about 
tbe metabolism of tbe amino acids by comparing the increases 
in the blood urea concentration occurring after the addition of 
the same amount of nitrogen as amino acid and as ammonium 
salt. An hour after the addition of an ammonium salt in the quan- 
tities employed the added quantity of ammonia has disappeared 
completely feom the blood, so that it must be justifiable to assume 
that the entire quantity is converted into urea. The formation 
of other nitrogenous waste products is not very probable. 

In my experiments the determinations of blood urea were 
always made immediately prior to the addition of amino acid 
or ammonium salt and further 30 minutes after and 60 minutes 
after. In experiments "svith ammonia salts, too, the last urea de- 
termination w’as made an hour after the addition, despite the 
fact that the increase in the consumption of oxygen had usually 
subsided after only 40 — 15 minutes. In eight experiments with 
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gl^ycine (5G mg. X.) tlie Wood ttrc.i concentration in the eoun.-.' 
of an hour .after addition rose on nn average 3f5,G in': per cent. 
The corresponding valne.s for nine o.xperiment^ wit!i .ai.ar.ine at’d 
.seven with ammonium lactate (50 mg. X.) were 30.0 and 33.T 
mg per cent respectively. As the qinintity of blood and the liver 
volume could not bo kc])t quite con.st.aut from one experiment 
to the next, I .am inclined to consider this conformifv ns being 
so good that one should be able to conclude from these nron de- 
terminations that nitrogen, added in the form of glycine and 
alanine, is tr.ansformcd just a,s completely into ure.a ns nitrogen 
in the form of ammonia salt; presumably this again me.nns that 
the amino-nitrogen is converted completely into urea. 

The increase in blood urea after the addition of nminoninm 
l.act.ate corresponds to 15.7 mg per cent of urea -nitrogen. As the 
addition amounted to 5G rag. X., if .should be pos.^ible to obtain 
a rise of IG mg per cent if the volume of the “.solvent” were 350 
c. c. .As was .stated .above, flic quantity of blood plus the liver 
volume in the oxpcrime'nt.s amounted to 300—350 g. Tijere would 
thu-s .seem to be conformity between the quantity of nitrogen 
added and tiie ob.sorved rise of the blood urea-nitrogen. The 
condition of this conformity is, however, that after the addition 
of ammonia lactate (or one of the amino acids) urea is formed 
only from the added substrate — in other words that the spon- 
taneous urea formation ceases. The fact is that, this spontaneous 
formation is not at all inconsiderable. In munerou.s e.xperinumt.s 
peiformed at this in,siitute with artificially porhused cat livers 
the rise of the blood urea concentration per hour has averaged 
13 mg per cent, or G.l mg per cent of urea-nitrogen. If a spon- 
taneous urea formation of thi.s order had also taken place in the 
period of about an hour in which the added amino acid.s .and 
ammonium salts were metabolized in the liver, tlje ine.Tea.«c in 
urca-nitrogen would have been 22.1 mg per cent as compared 
with the observed increa.se of 15.7 mg per cent. It mu.st therefore 
be a.s.sumed tlmt the “.spontaneous” ure.a formation ceaso.s in the 
pre.sence of ample substrate. This idea wll not .«eem imr'‘n.«on- 
able, as there must bo a limit !)eyond which the intensity of urea 
samthelization c,annot l)e raised In* Increasing tlse supply of sub- 
strate. If mv main conclusion i.s acceplc<l, i.e. that the rise of 
the oxvgen consumption after the nd'.lition of amino acids and 
ammonia salts is associated with the urea synthetization, <iircf.t 
support for the aforesaid iflea i.s to be .'■eea in the fact that thf 
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addition of increasing quantities of ammonium salt will give no 
noteworthy increase in the rise of oxygen consumption per mi- 
nute, hut merely an increase in the duration of that rise. 

If the extra consumption of oxygen must be put in relation 
not to the total urea formation in the period in wliich the oxygen 
consumption is increased, but to the difference between this for- 
mation and the spontaneous formation in a period of the same 
length, the energy consumption per gramme of nitrogen trans- 
formed into urea will be much greater than the ca. 4.5 calories 
calculated above, viz. 7.4 calories. This latter figure lies very 
close to the one originally given by Rubner, whose calculation 
was 31.5 per cent, of the physiological combustion heat of the 
proteins, or 8 calories per gramme nitrogen. 

The question concerning which of the two modes of calculation 
is the right one is of almost decisive importance. Ror if the latter 
mode is the right one it means that the specific dynamic action 
of the amino acids, and with them the proteins, consists solely 
of an action on the oxygen consumption of the liver, which to 
my mind would again mean with an energy consumption in 
conjunction with the urea synthetization. It is true that in Rub- 
neb’s calculation of the specific d)mamic action of the proteins 
(8 calories per gramme nitrogen) no allowance is made for the 
protein metabolized by the experimental animals dmring the 
days of inanition which, if the calculation is to correspond to the 
one employed above, should be deducted from the protein meta- 
bolized in the protcin-fcd days. The consequent correction of 
Rubner's figure can, however, only lead to an increase of about 
10 per cent, on the specific dynamic action of the proteins. Even 
taking this correction into account, my figure of 7.4 calories 
per gramme of nitrogen comes so near to Rubner’s that my re- 
sult must be said to indicate that the cause of the specific dy- 
namic action of the proteins must, at any rate mainly, lie in an 
energy consumjition in association with the synthetization of 
urea. In that case other factors, such as the action of amino acids 
on the oxygen consumption of the kidneys as demonstrated by 
Oberdisse (1940), must at most play a very subordinate role. 

It is difficult to say with certainty which of the two methods 
of calculation of the relation between urea synthetization and 
the extra consumption of energy is the more correct. For myself 
I consider it to be the latter method, by which the extra consump- 
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tioii of energy is placed in relation to tiic incrv'ase in nrea svc.- 
thetization in excess of the spontaneous formation. 

As I have said, and as Anil appear cle.arly from the cunvs. 
the oxygen consumption of the liver in the first period after 
the commencement of artificial perfusion falls rapidly. Chm-ndlv 
the oxygen consumption in the course of 45 to GO mituues .n-d- 
justs itself at a level of about GO— 50 per cent, of the consump- 
tion recorded when measurement begins 10 to 15 minutes after 
perfusion commences. To me there is no doubt that the higli 
oxygen consumption observed immediately after the commen- 
cement of artificial perfusion expresses the normal oxygen con- 
sumption of the liver. The question might therefore be asked ns 
to Avhethcr the same increases in oxygen consiuuption after the 
addition of amino acid would be observed if the liver’s oxvgon 
consumption remained normal. The question ev.ndes direct nnsuer, 
as it is impossible to determine even approximately the extra 
consumption of oxygen caused by the amino acid in the period 
when the consumption is falling rapidly. I can merely .«ay that 
in the various experiments the induced extra consumption was 
quite independent of whctlicr the oxygen consumption to winch 
the liver had adjusted itself were a little higher or lower. 

I have as yet been unable to find the reason for (he pronomicecl 
fall in the o.xygen consumption of the liver in the first period 
after the latter’s isolation, do.spite numerous attempts to tlirow 
some light on the problem expori mentally. Nor lias it therefore 
been possible to keep the liver's oxygen consumption iq) to the 
presumed normal level observable immediately after isolation. -At 
the present moment one can merely say that t he initial high con- 
sumption cannot be due to an oxygen debt accumulated during 
preparations for artificial perfusion. Normally the interrupt ion of 
the circulation through the liA*cr does not exceed half a minute, 
and deliberate interruptions of the circulation for .several minutes 
after commencing .artificial perfusion lead merely to quite tran- 
sitory increases in the oxygen absorption ivlien cire-tilalirm is 
resumed. Nor is the drop in the oxygon consumption exphiined 
by the fact that perfusion proceeds only through the portal vein, 
as there is a corresponding fall in the oonsumjition in jireparation^ 
perfused .‘-■imultaneously through the portal vein and the hei>aiic 
artery. I hope that in a later public.ition I .shall be .nble to return 
to the interesting question of whether the reduction of the oxygen 
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cousumption. is due to tlie elimination of nervous influence, of 
substrate for oxydations, or of hormonal action. 


Conclusion. 

TJie cause of the specific dynamic action of amino acids, and 
therefore of proteins, lies in a consumption of energy in associa- 
tion ndth urea sjmtivetization. 


Sununary. 

In experiments with isolated cat livers amino acids (glycine 
and alanine) and ammonium salts (lactate and carbonate) bring 
about an extra consumption of oxygen wliich is proportional to 
the added quantity of nitrogen and independent of whether the 
nitrogen is supplied in the form of amino acid or ammonium 
salt. 

With increasing doses there is an increase especially of the 
duration of the rise in the oxj'gen consumption, whereas the 
maximum oxygen consumption per minute is increased only very 
slightly. 

The maximum increase of the oxygen consumption per minute 
scenus to depend on the rate of urea sjmthetizatiou. 

The total extra consumption of oxj'gcn seems to be independent 
of the concentration of the added substances and to be governed 
solely by the absolute quantity added. 

The total extra consumption of oxygen per gramme of added 
nitrogen averages 900 c. c. (about 4.4 calories). 

If the extra cousumption of oxygen is calculated not in rela- 
tion to the added quantity of nitrogen, but in relation to the 
increased nitrogen metabolism within the period in which the 
oxygen consumption is increased, the oxygen consumption per 
gramme of extra-converted nitrogen is 1,040 c. c. (about 7.4 
c.alorios). 

The oxygon consumption of the artificially perfused liver falls 
in the course of about an hour to 60 — 50 per cent, of the con- 
sumption immediately after isolation, and thereafter remains 
practically constant. 
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I. Introduction. 

The bile salts play an important physiological role in digestion. 
Besorption of fats (in the broadest meaning of the word, 
including fat soluble vitamins etc.) in the small intestine can 
take place only if bile salts are present. In tbe case of neutral 
fat (triglycerides), which constitute the bulk of the fatty material, 
the presence of a lipase is also necessary. The lipase is activated 
by the presence of bile salts and splits the neutral fats into gly- 
cerine and fatty acids. At the hydrogen ion concentration in the 
small intestine the fatty acids cannot exist as sodium salts^ and 
the free acids are insoluble. The free acids are emulsified and to 
some extent dissolved by the sodium salts of the conjugated bile 
acids and by these means transported to the mucosa. The power 
of solutions of bile salts to dissolve otherwise insoluble fatty 
material into clear solutions which contain the dissolved material 
in a diffusible form, i. e. the “hydrotropic’ ' action of the bile salts, 
is evidently of great physiological importance but the actual 
mechanism does not yet appear to have received a satisfactory 
explanation, 

Verzar and his collaborators (c/ Vebzar and McDougalIi 1936, 
pp 161 — 168) have studied the power of the most common 
conjugated bile salts, i. e. sodium glycocholate and sodium tauro- 
cholate, to dissolve free fatty acids under varying conditions. They 
found that if the amoxmt of fatty acid was small optically clear 
solutions were obtained which contained the fatty acid in diffusible 

* Statements as to tlio oxistcnco of sodium soaps in tho small intestine may 
still be found in recent textbooks of physiology, cf. e. g. Reih (1940). 
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an interior consisting of the lij^’drocarbon chains in a liquid state 
and a surface made up by the hydrophilic end groups and their 
attached “gegenions”. The micelle has a diameter somewhat 
larger than the double length of the hydrocarbon chain of the 
paraffin chain salt (Habtley and Euxxicles 1938). 

The appearance of micelles takes place rather suddenly and 
is accompanied by comparatively sharp changes in many physical 
properties of the solutions. The critical concentration may thus 
be found from measurements of the variation of equivalent 
conductivity (Ekwall 1932, Lottermoser and Puschel 1933, 
jMcBaik, Dye and John’stok 1939), surface tension (Lottermoser 
and Stoll 1933, Pom*xey and Annisox 1938), hydrolysis (Powney 
and JoRDAX 1938), osmotic pressure (Hess and Suraxyi 1939), 
density (Tartar and Wright 1939, Wright, Abbott, Sivertz 
and Tartar 1939), viscosity etc. with concentration. The micelles 
are below ultramicroscopical size and they may appear in optic- 
allj* clear solutions. 

In more concentrated solutions, above 0.1 — 0.2 N, another 
t}qic of aggregation may appear. These colloidal aggregates have 
probably a liquid crystalline structure, are comparatively large 
and not spherical. Solutions containing such aggregates give x- 
ray diffraction patterns (Thiessek and Spychalski 1931, Hess, 
Philipoff and Kiessig 1939, Stauff 1939). Stauff calls the 
micelle first formed (Hartley’s micelle) “Kleinmizelle” and the 
larger crystalline micelle "Grossmizelle”.* Lawrence (1935) 
speaks of secondary micelles. In solutions containing micelles 
there has appeared a new phase i. c. the hydrocarbon phase in 
the interior of the micelles. This is responsible for the power of 
soap solutions not only to emulsify hydrophobic compounds such 
as liydrocarbons but also to a certain extent to dissolve them, 
the water solutions remaining clear (Pickering 1917, Smith 
1932, Hartley 1937, Lawrence 1937). The hydrocarbon dis- 
solves in the hydrocarbon interior of the micelle. 

Despite the fact that several polar groups are distributed over 
the hydrocarbon skeleton of the bile acid molecule (the most 
common bile acid, cholic acid, is shown in fig. 1) the bile salts 
are unsymmetrical electrolytes as is shown by the low surface 
tension of their solutions. The ionized carboxyl is the most water 
attracting group in the molecule and outweighs the three hy- 
dro.xyl groups, thus causing the electrolytical asymmetry. 

• In the following wc use the word “micelle” in the meaning “Kleinmizelle”. 
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The hj’^droxyl groups are important, however, as they increase 
the water solubility of the bile salts. Sodium cholate may be 
obtained in clear water solution in a concentration of 1 N at 


room temperature. Such concentrated solutions are very \dscous. 

As the bile salts are unsymmetrical 
electrolytes we might expect some form 
of aggregation, similar to that of the 
paraffin chain salts, to occur at higher 
concentrations. This has already been 
suggested by Hartley (1936). Some 
differences may, however, be expected 
by the presence of hydroxyl groups and 
by the fact that the condensed ring 
system of the bile acids (the cyclo-pent&no- 
perhydrophenanthrene skeleton) must 
be considerably less flexible than the 
hydrocarbon chain of the paraffin chain 
salts. With respect to aggregation and 
micelle formation the bile salts might 
Fig. 1. Carbon skeleton be expected to occupy an intermediate 
Eacf °poinr‘ipSf’a positiou between the paraffin chain salts 
carbon atom. Carbon atoms and certain dyes which show colloidal 

|rolps!‘^2f TsThe^ctrbS Properties. The latter have been studied 
atom of the carboxyl group, especially by RoBiNSON and his colla- 

( 1989 )- 

In order to determine the role of 
micelle formation for the hydrotropic 
tion is chosen to show the action of bile salts a knowledge of the 
elongatec^^form^ of the constitution of their water solutions' is 



carboxyl 
24 is replaced ■ by — 
CONHCtt.CHjSOjOH. The 
somewhat unusual projec- 


necessary. 

Rather little is at present known in this respect. Bashour 
and Baujian (1937) mention, without giving any experimental 
details, that the equivalent conductivity curve of sodium cholate 
does not show any discontinuity indicating aggregation. 

Roepke and Mason (1940) have recently measured the equi- 
valent conductivity and osmotic coefficients of solutions of so- 
dium cholate, sodium glycholate and sodium desoxycholate with 
the view to study micelle formation. Their work may be criti- 
cized on several grounds, however. In the first place they appear 
to have used a commercial sample of cholic acid without puri- 
fication. It is well known that such preparations may contain 
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considerable amounts of other bile salts and fatty acids (Sobotka 
1938). They state nothing about the desoxycholic acid used and 
give no analyses. Secondly, their method of making up solutions 
for conductivity work does not appear very satisfactory and 
measurements have not been carried out "vrith sufficient precision 
in the dilute range (0.005 — 0.05 K),vrhere micelle formation may 
be expected to begin. Also, cholic acid (K^ = 6.46 x 10“®), gly- 
GQcholic acid' (Kj = 35.5 x 10“®) and glycodesoxycholic acid 
(Kg = 104.7 X 10“®) are all Treak acids and solutions of their 
sodium salts are subject to hydrolysis which may completely 
svamp the effect of micelle formation on the equivalent con- 
ductivity-concentration curve. In order to study micelle forma- 
tion in Solutions of bile salts, it would appear more suitable to 
use sodium taurocholate or other tauroderivatives which are 
salts of strong acids (taurocholic acid Kg = 2.75 x 10“') the 
alkali salt solutions of which are not subject to hydrolysis. (The 
values for the dissociation constants are from Josephsox (1933), 
see, however, also Kumler and Halverstadt (1941). No values 
for the critical concentrations for micelle formation can be ob- 
tained from the work of Boepke and Mason and with regard 
to the possible r61e of micelle formation for the hydrotropic ac- 
tion of the bile salts they state: "^■^^lile it cannot be definitely 
stated at this time that the solution of water-insoluble substances 
by the bile is associated into aggregation of bile salt ions, Such a 
conclusion appears reasonable.” 

Some more insight is gained into this question by the recent 
work of McBain and collaborators (1941) who Studied the solu- 
bility of a fat soluble dye and of chlorophyll in solutions of com- 
mericial sodium desoxycholate. They found that below about 
0.005 N the solubility of the dye (moles dye/moles NaDe) was 
very small. Between 0.005 and 0.09 N the solubility increased 
twenty-fold and above 0.09 N it remained fairly constant. The 
results are interpreted on the assumption that micelle forma- 
tion starts at 0.005 N although micelle formation in dilute solu- 
tions of pure desoxycholate solutions has not yet been demon- 
strated. 

It was observed, however, already in very early measurements 
of the surface tension of bile salts such as sodium taurocholate 
{cf Sobotka 1938) that the surface tension — concentration curve 
exhibited a minimum at about 0.01 N. At the time this could 
not be given an adequate explanation, but more recent measure- 
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ments on paraffin chain salts (alkyl sulphates) (Lottermoser 
and Stoll 1933) have given the same type of curve and it is 
now known that the minimum occurs at the critical concentra- 
tion for micelle formation. From the old surface tension measure- 
ments a crititical concentration of about 0.01 iv might thus be 
expected for sodium taurocbolate and this is also the value found 
by the conductivity measurements to be described. 

The optical rotation of bile salts increases with decreasing 
concentration and Josephson found that this increase was much 
more rapid below a certain concentration, which in the case 
of sodium taurocholate was about 0.75 per cent, i. e. about 
0.015 N. Josephson (1935) considered that this indicated “some 
change in the molecule’*. It appears probable that the change is 
due to micelle formation. 


Dtt. 


II. Conductivity measurements on dilute solu- 
tions of sodium taurocholate at 25° C. 

Measuring equipment. 

The bridge. A completely shielded bridge similar to that described 
by Shedlovsky (1930) was used (Fig. 2). For the theory and use of 

alternating current bridges of this type 
the papers of Jones and Josephs 
(1928) and Shedlovsky (1930) should 
be consulted. The fixed ratio arms 
Ki and R. consisted of two closely 
matched resistors of 2,000 ohms each 
of the Leeds & Nor thru p wo wen 
type. The measuring resistance M 
consisted of Leeds & Northrup 
shielded decade resistance box No. 
4750 having six decades from 10 X 
O.oi to 10 X 1,000 ohms. Resistances 
greater than 11,111 ohms were measur- 
ed by adding extra resistors (10,000 
and 20,000 ohms) of the L &■ N wowen 
type in series with the decade box, or, 
in some cases, by shunting the cell 
with a 10,000 ohm resistor. The decade 
resistance box was compared with a 
Fig. 2. Circuit diagram of the set of precision resistors in the Institute 
tridge. of Chemistry, Uppsala, by Dr. • I. 

Hedlund, to whom our thanks are 

due. In the five lower decades, no error larger than 0. 03 ohm was found. 

The largest error found in the 10 X 1,000 ohm decade was 2. i ohm at the 
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10,000 ohm settmg (O.02 per cent). The zero resistance of the decade 
box (all dials at zero) vi'as found to vary from O.035 to O.os ohm, it 
was usually O.os ohm. The largest error found in the separate 10,000 
and 20,000 ohms resistors used for measuring resistances above 11^000 
ohms were of the order of O.02 per cent. The appropriate corrections 
were applied in the measurements. The resistors Eg .and R4 of the 
Wagner earth connection were similar to Ei and Eg and of 2,000 ohms 
each. The potentiometer P (General Radio) had a resistance of 20 
ohms. The differential condensers Ci (250 cm. capacity each side), Cg 
(15 cm.) and Cg (250 cm.) were built from standard radio parts. General 
Radio low capacity switches were used. 

The bridge was fed from a battery driven push-pull oscillator through 
a shielded transformer (Svenska Radioaktiebolaget). Prequencies from 
700 to 3,000 cycles per second could be chosen at will and the amount 
of harmonics was negligible. The input to the bridge was usually 2 
to 3 volts and could be directly measured by means of the high re- 
sistance rectifier Amltmeter V (Siemens) shown in Fig. 2, The detector 
consisted of a two-stage transformer coupled, battery driven amplifier 
preceded by a transformer and followed by head phones. 

A relative precision of O.oi % or better is readily obtained with the 
bridge when measuring electroljdic resistances of 1,000 ohms or more. 
The accuracy of course depends on the care with which the measuring 
resistors have been calibrated. 


Thermostat. A large oil bath containing transformer oil was used as 
thermostat. The cells were fixed in the bath by a clamp around the 
flask neck and immersed in the oil to the dotted line in fig. 3. An elec- 
tric heater, contact thermometer and relay together ndth efficient 
stirring kept the temperature constant to ± 0.oi° C. The temperatu- 
res were checked by a calibrated 

thermometer. A temperature varia- i 

tion of 4; O-Oi” gives rise to an error 1 

of ± O'® 2 % in the conductivity . 

measurements. This error is un- 1 J // J 

necessarily large and a new thermostat — y/' 

giving better temperature control is // 

under construction. J Jl 

Conductivitij cells. Cells of the j j 

Jones and Bollinger (1931) tj-pe J 

were coupled to flasks of 500 or 1,000 

cc. capacity forming flask cells as / \ 1 1 J 

shown in fig. 3. The cells were made / ) \ I // 

from Jena “Geriite 20” or, in some \. / 'h j) fl 

cases, Jena “Normal IGiii” glass. \ / c J 

By applying a slight gas pressure at 

K the cell C may be filled or emptied „ t., , „ 

by turning the stopcock II tlirough 
90 degrees. In- and outlets M and K 

may also be connected together and the mixing of the contents 
in the cell C and the flask carried out by turning the whole 
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cell around an axis normal to the plane of the paper in fig. 3. 
The cells were platinized as described by Jones and Bollinger 
(1935). Cells having different cell constants were available. They 
were standardized by O.i and O.oi demal potassium chloride prepared 
according to the directions of Jones and Bradshaw (1933). The cell 
constants were checked at inter\'als with fresh potassium chloride 
standards. 

Weight burettes of the type described by Shedlovsky and Brown 
(1934) made of Jena Cerate glass or transparent quartz and of 75 and 
250 cc. capacity were used. The smaller burets were w^eighed on an 
analytical balance sensitive to O.i mg and the larger burets and the 
cells on a balance ha\ing a capacity of 3 kgs. and a sensitivity of 1 
mg. The weights were compared with a set of w'eights calibrated by 
Kungl. Myntverket, Stockholm. Weights were corrected to vacuum. 

Conductivity water was obtained by redistilling ordinary distilled 
water in a still of the Bourdillon-Weiland type as described by Ellis 
and Kiehl (1935). The conductivity of the water was measured in a 
“Cerate” glass cell ha^’ing unplatinized electrodes and a cell constant 
of 0.0734. 

Water having a conductivity of 0.2 — 0.3 • 10~® ohm~’ cm~^ was easily 
obtained. 


Material used. 

Pure sodium taurocholate cannot be prepared from ox bile. The 
best natural sources are dog or fish bile. The measurements have been 
carried out with three different preparations of sodium taurocholate. 
Specimen I was from the collection of the late Professor Olof Ham- 
jlarsten and had been prepared by him, probably from fish bile, 
during his classical investigations into the bile acids, carried out in 
this laboratory more than thirty-eight years ago (1904). The prepa- 
ration, which had been kept in a tightly stoppered bottle, had a pure 
white, microcrystalline appearance and showed no sign of deteriora- 
tion. 

Specimens II and III were synthetic, prepared by coupling taurine 
with cholic acid according to the method of Bondi and Muller (1906), 
as modified by Cortese (1937). The cholic acid used was prepared from 
ox bile by the methods of Hajimaksten (1925) and Langheld (1908). 
The ethyl cholatc was purified by repeated crystallization from ethyl 
acetate and melted,at 161 — 163° C. The taurine used had been prepared 
from bile in this laboratory by the method of Hammarsten (1925). 
The chlorine free specimens of sodium taurocholate were recrystaUized 
twice from alcohol-ether and before used dried to constant weight 
over phosphorus pentoxide at 135° C. 
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Caled for C26H„0,NSNi 

c 

a 

H 

X 

S 

Xa 

Hot. « j)* 

(537.5) 

. .58.1 

S.25 

2. CO 

5.95 

4.28 


Pound specimen 1 . 

. 55.9 

56.3 

8.18 

8.25 

2.52 

2.5G 

5.S3 

5.83 

4.29 

+ 2.3°.8 

0.463 g/iocc 

specimen II . 

. 54.2 

.54.4 

8.01 

8.53 

2.70 

2.G6 

5.GS 

5.72 

4.35 

-i- 23°.G 

0.293 g/lOcc 

specimen III . 

. 55.1 

.55.4 

8.00 

8.G4 

2.77 

2.72 

5.85 

5.80 

4.3G 

— 


(The low C values are probably due to combustion difficulties, the 
filling of the combustion tube not being specially adapted to this 
difficultly combustible compound.) 

Procedtire. 

The general procedure of Shedlovsky (1932) vras followed. A flask 
cell of Jena “Normal” glass having a cell constant of I8.00 was 
employed. The cell was carefully rinsed with conductivity water, 
dried by means of alcohol and ether and placed in the thermostat. 
The sodium taurocholate, previously dried to constant weight at 135° 
and kept in a vacuum desiccator over phosphorus pentoxide, was 
weighed up and placed in the flask, the flask filled with nitrogen and 
a suitable amount of (carbon dioxide-free) conductivity water added 
by means of the weight burette. After temperature equilibrium had been 
attained the conductmty cell was repeatedly filled and emptied and 
the resistance measured for each filling until a constant value was 
attained. A further amount of water was then added from the weight 
burette and the procedure repeated. In addition to the weight dilution 
series of measurements thus obtained individual points were obtained 
as a check on separate solutions made up by weighing. The mixing 
of the solution in flask cell has to be carried out carefully in order to 
avoid foaming. This is especially important for the most dilute solu- 
tions. If such a solution is shaken strongly a large part of the tau- 
rocholate is removed from the solution into the foam. 


Results. 

Kg, 4 shows the results. In the most dilute range the sodium 
taurocholate behaves as a normal electrolyte, the equivalent 
conductmty being a linear function of the square root of the 
concentration. The slope of this straight part is smaller than 
the theoretical slope required by the Onsager equation, how- 
ever. Just above 0.01 N there is a sudden change in slope and 
the curve is nearly horizontal between 0.01 and 0.03 N after 

^ All analyses, except sodium, are microanalyses by Dr. JIax !M6llek, Copen- 
hagen. Por the sodium analyses we are indebted to Dr. I. Hedluxd and air. U . 
Kiesten. Mr. Kirsten also measured the optical rotation. 
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which it again starts falling. The equivalent conductivity is 
around 60 in tlie region below 0.01 N and is only about half that 
of the alkyl sulphonates below the critical concentration (Tar- 
tar and Wright 1939, AVright, Abbott, Sivertz and Tartar 
1939). As is seen from fig. 4, the curve for the Hammarsten pre- 
paration (specimen I) lies somewhat above that of our synthetic 
specimen II, but the two curves are of exactly the same form. 
The synthetic specimen III agreed rather closely with specimen 



Fig. 4. E([uivalent conductivity of sodium taurocholatc ns a function of the 
S'luare root of the concentration. 

Upper curve: specimen I (natural). — Lower curve: specimen II (synthetic). 

II. The precision of the measurements and the reproducibility 
for each specimen is very good and is of the order of a few tenths 
of one per cent for freshly prepared solutions. AA^e can at present 
offer no explanation for the difference between the natural and 
synthetic specimens. AA^e have found that the equivalent con- 
ductivity is very sensitive to small amounts of impurity. The 
presence of sodium chloride or free taurine from the synthesis 
raises while the presence of fatty acids lowers the conductivity. 
The material is also rather hygroscopic and the different prepa- 
rations, although dried to constant weight, may differ in water 
content. A table of the equivalent conductivity at different con- 
centrations will therefore not be given until this point is clear. 
Tor the present purpose the form of the conductivity curve is 
more important than the absolute value of the equivalent con- 
ductivity. — It was found that the conductivity of dilute so- 
dium taurocholatc solutions that had been kept in the flask cell 
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for 24 hours or more increased slowly wdth time. Jena “Normal 
glass belongs to the third hydrolytic class and it was 
therefore thought that the slow increase might be due to the 
glass. A check was therefore made with a Jena “Gerate 20” glass 
(first hydrolytic class) cell. The conductmty was now found to 
remain practically constant for 24 hours or more. 


Discussion. 

The sudden change in slope of the conductivity curve at about 
0.01 N indicates that some change takes place in the sodium 
taurocholatc solution at this concentration. The change is most 
probably due to the onset of aggregation, i. e. micelle forma- 
tion. In solutions of alkyl sulphates {Lotter:moser and Puschel 
1933) and alkyl sulphonates (Tartar and IYright 1939, Wright, 
Abbott, Siv’ERTZ and Tart.ar 1939) a sudden and very marked 
fall in the conductivit}'’ curve takes place at the critical con- 
centration, while a simple aggregation might be expected to 
increase the conductivity, the frictional resistance of micelles 
being smaller than that of single molecules for the same amount 
of material transported" (Stoke’s law effect of McBain). Hart- 
ley and collaborators (1936, 1938) have shown by means of 
transport number measurements that the fall observed for the 
paraffin chain salts is caused by the large number of ions of 
opposite sign (gegenions) that are attached to the surface of the 
micelle. In the case of sodium taurocholatc, although there is no 
absolute rise in the conductivity, there is a rise above that ex- 
pected for simple ions (the curve in the region 0 . 01 — 0.03 N lies 
above the continuation of the straight part of the most dilute 
range). This may be due to the Store's law effect, the gegenions 
in this case being fewer than in the case of paraffin chain salts. 
Transport number measurements are necessary to determine 
whether or not this is the case. 

Tlie surface tension-concentration curve obtained by Ettisch 
and IvoG.AN'El (1928) shows a minimum at about 0.005 N ivhile 
Krajewsky and AVwedensky (1927) state that a minimum is 
obtained at 0.017 N. No analyses of the sodium taurocholatc or 
any statements regarding its purity are given, however, and 
it is probable that in both cases impure preparations have been 
employed. Althougli there is thus an approximate agreement 
between the critical concentration derived from surface tension 
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and conductmty data it ■n'ould appear that the surface tension 
data for sodium taurocholate are in need of revision. 

The present demonstration of aggregation in dilute solutions 
of sodium tamocholate together "with the solubility measure- 
ments of McBain, et al. (1941) dealt ^vith in the Introduction 
is strong evidence for the "micelle solubility” theory of the hy- 
drotropic action of bile salts. This theory, which considers that 
the presence of colloidal bile salts micelles is necessary for the 
transport function of the bile salts, is very different from the 
views of Verzar (1936), who considers that molecular complexes 
are formed and that these complexes form a true molecular solution. 

We gratefully acknowledge grants from the Andersson Founda- 
tion which made this investigation possible. 

Summary. 

The state of bile salt solutions in relation to their physiological 
transport function is being studied. The conductivity of sodium 
taurocholate is normal below 0.01 IST (at 25° C), but at this con- 
centration the conductivity curve suddenly changes its slope. 
The change is interpreted as being due to micelle formation. 
This view is supported by earlier measurements of the surface 
tension of sodium taurocholate solutions if these are interpre- 
ted in the light of more recent work on paraffin chain salts. 

The demonstration of micelle formation in dilute solutions 
of bile salts together with recent solubility measurements of 
McBain and his collaborators is strong evidence for a “micelle 
solubility” mechanism for the hydrotropic action of bile salts. 
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In previous reports from this institute (Theorell 1936, Theo- 
KELL and Akeson 1941), it has been shotvn that cytochrome 
c contains 6 atoms of sulphur per molecule. Two of these belong 
to the cysteine-remains in porphjrin c (Theorell 1939, 1940). 
Concerning the four other S-atoms contained in the protein- 
component nothing has hitherto been known. By way of supple- 
menting previously published analyses of amino acids (Theorell 
and Akeson 1941) a determination of the sulphnr-containing 
amino acids is of a certain interest. 

The determinations were carried out according to Kassel's 
and Brand's (1938) modification of Baernstein’s method. Ac- 
cording to this method, after hydrolysis of the substance at 160'' 
C. with strong hydriodic acid, cystine and cysteine are determined 
iodimetrically as cysteine, while the methionine is determined in 
two ways, partly as methyl iodide and partly as homocysteine- 
thio-lactone, the two latter also iodimetrically. 

Some control-determinations were carried out with pure amino- 
acids, in two of these with protohemin present. The results are 
given in table 1. 

The methionine determinations give too low values according 
to both methods, and Kassel and Brand therefore introduced 
correction factors for these: for the methyl iodide titration f = 
1,067, and for the homocysteine titration f = 1,120. Also for the 
cysteine titration they introduced a factor f = 1,023. According 
to the values in table I, the corresponding factors for the methyl 
iodide titration and for the homocysteine titration respectively will 



CYSTINE AND METHIONINE DETERMINATIONS IN CYTOCHROME 0. 363 


Tal)lo 1. 


"Weighed 

Jlcthioninc 

found 

Cystine 

found 


Total-S found 



acc. to 

acc. to 
horao- 
C3*st- 
cine 

■ 

acc. to 

acc. to 

Substance 

Amount 

methyl 

iodide 


methyl 

iodide 

homo- 

cysteine 


mg. 


mm 

?o 

?6 of 

% of calculated 




wM 


tot!ll-S 



Methionine .... 

2.492 

96.1 

H 

__ 

— 

96.1 

— 

1 Methionine .... 

6.3G3 

■ 






1 C\-stinc 

1 Hemin 4- some other 

9.262 

1 






1 amino acids . . . 

! 

12.50 


82.8 

117.7 

— 

109.8 

105.3 

(Methionine .... 

6.528 







1 

! Cvstinc 

l0.cr.o 

9.3.0 

81.4 

IOG.G 

2.89 

104.5 

100.7 

1 Hemin 

t 

12.80 








be f = 1,054 and f = 1,217. As may be seen, the cy.steine titration 
gives in both cases too high and varpng values. Kassel and Brand 
state that heraatin, in contradistinction to inorganic iron, inter- 
feres Avith both the cysteine and the lioinocysteine titrations, so 
that those determinations cannot be carried out with e. g. hemo- 
globin. Tlic cysteine determinations in cytochrome must therefore 
be regarded as uncertain, though they are able to give some in- 
dication in connection with the estimation of the sulphur distribu- 
tion. 

Three determinations were carried out with pure cytochrome 
(Fe-content 0.43 %; S-content 1.43 %) and the results have been 
assembled in table 2. 

The methionine determinations give results that are fairly close 
to two molecules of methionine per molecule of cytochrome. The 
theoretical figure for two molecules (M cytochrome = 13,000) is 
2.29 %, while the analyses (according to the corrected values) 
gave an average of 2.57 %. 

For two molecules of cysteine the calculated percentual content 
is 1.8G % and for three molecules 2.79 %, while the mean figure 
from the analyses was 2.40 %. Judging from the control-determina- 
tions, this value is too high, so that two molecules of cysteine per 
molecule of cytochrome must be considered more probable. 
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Table 2. 


Cytochrome 
c • weighed 
amount 

Methi 

acc. to methyl 
iodide 

onine 

. 

acc. to homo- 
cysteine 

Cystine 

" -f 

S found 
as HjS 

Total-S found" 

cysteine 



found 

corr. 
f = 
.1.054 

found 

corr. 
f = 
1.217 

found* 


acc. to 
methyl 
iodide 

acc. to 
homo- 
cysteine 

mg 

0 / 

/r? 

0 . 

70 

% 

% 

0 . 

70 

% of 
total-S 

% of calculated 

t 

' 

245 

2.39 

2.62 

— 

— 


2.94 

— 


276 

2.42 

2.55 

. 

2.28 

2.77 

2.57 

2.59 

86.9 

S4.8 

' 

233 

1 

2.48 

2.61 

1.99 

2.42 

2.22 

2.34 

83.4 

75.9 


Inorganic sulphate does not occur in the cytochrome prepara- 
tion; for SO 4 is reduced quantitatively to H 2 S or SO 2 , and it would 
thus be recognized by a higher value on the titration of these. 

If one splits cytochrome c with HBr-glacial acetic acid, hemato- 
porphyrin (Hill and Keilin 1930) is formed, in which connection 
the cysteine-remains in porphyrin c are split off. Hydrolysis with 
strong hydriodic acid at 150° has in all probability the same effect, 
and the two molecules of cysteine that have been found thus belong 
to the porphyrin. Of the total sulphur an average of 82.5 % was 
recovered, which corresponds to about five atoms of sulphur per 
molecule. There thus remains a certain amount of sulphur of 
unknown nature — one, or more likely (considering the too high 
cysteine-values) two atoms to give an account of. 
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The OilAVater Iniurface, nifli aiitl witlioul 
Jlonomoicciilar Fiiin, as a Model of 
tlie Iiivins^ Cell Membrane.* 

Jiy 

Sl'lG SJOMN. 

i‘J Arjts^t JtM;*'. 


The ^u‘Ttne;a<iUt y r'lationship'^ in living tissttes are c(>nij)U‘\'. 
Til*' reH weniiirAr.*' e«'rf;u‘nK' ]»lriy.<; n ci*-t i‘*ive role in ionic inifTra* 
tioi'i, innit- partition etc,, Uut .nttempis t<» invent ijjntf (he nu-mhrnne 
ineci!nr.i‘!n‘= in vi>o* have hititerto nt»t hr-eti )>;tr{itnil.TrIy fruitful. 
.Arcordint! to the tsow pen'-raiiy npprovc-.l coneeplion. ct'll mem- 
br.'tfif'i ore huilt up of lipoitp; nti<l {iro!*-)?)'* in layer,'-- of .'teveml 
rno}t'fnle.< thit-Vne".^ I>ANtKf.J,i). Tin* outernio.'--! of ihejte 

Invt'r,^ tuny rf>ncelvi\i»)y rcpul.nrh* oriente*! ju.'U an are artificially 
prepared itit'.rfarial monolayer^. It lin'< ln’cn considen'd likely 
th.at such interfat-i-nl fthn-t. built up of li))oiils or jiroteins, are 
.analtjcout. to Hvintt cell JUembrant'S.. 

Ittnr.At,, Lakoj'oiu and Sr.jui.v and IJui.scoi: have 

tk-monstrntt'ti tliat a tnonotnolecular film in tii*' air/water inter- 
face c.an dccren*--*' th.e vehauty of p'-iu tration tlirou^h that inter- 
face, Condition<- in ati oil/wnter interface appear, however, to 
Tt-^emlde ihoo" ju biolopiral injorfaect more closely and are there- 
fore of !<pRcial iidcrest in thia connect ioti. It appears that no 
rjuantitative inve.stipatsons- of interfacial films h.ave previously 
iK'cn carrii-tl out from thi.s point of view. 

The int^ ntitiii the prefieiit re.^earch was to ascertain to what 
degree the velocit ie.s of penetration of an oil/water interface, 
■with and wiiliouf monomolecular film, corre-sjamd to those of 
a living cell membrane. ,As non-aipieons or oil ])ha,se, corrc.sponding 

* The np'-rimeTit&l wotI; dt-o-riU*-*! (n lliit* papfr vrtn carriol onl in tlic Institute 
f>f (;ii(rrii«tfy. I'niver^ily of t;j>jisnl.a. 
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to lipoids and proteins in the living cell, benzene was chosen. The 
permeating substance was salicylic acid, which is soluble in both 
benzene and water. The velocity of transition of salicylic acid 
from the water to the benzene phase, and the possibility of in- 
fluencing the velocity of transition nuth monomolecular films 
interposed in the interface were investigated. 

Method. 

The apparatus is shown in Fig. 1. The systeni was initially composed 
of 500 ml. benzene and 500 ml. concentrated aqueous salicylic acid. 


Pt electrodes 



Fig. 1. 


The area of the interface was 160 cm®. Salicylic acid concentration 
changes in the aqueoxis phase were taken as a measure of the velocity 
of penetration. These changes w'erc followed by measurements of the 
specific electric resistance of the aqueous solution, made with the 
help of a Wheatstone’s Bridge (General Radio Company) calibrated 
against salicylic acid solutions of kno^wn concentration. 

The temperature was kept constant, with a special thermostatic 
device, at 24 — 25° with a variation of rt C. 

Both phases were stirred so effectively that small undissolved par- 
ticles could be observ^ed moving with great rajiidity in the immediate 
neighbourhood of the interface. The stirring, however, was never so 
violent as to cause visible changes in the interface such as vortex forma- 
tion. The film stabilities were checked by repeated measurements of 
the interfacial tension. In no case did the stirring disturb the film. 

Films of gUadin, lecithin and sodium cetyl sulphate were experi- 
mented with. The gliadin (in 60 % ethyl alcohol) and the lecithin 
(in 60 % isopropyl alcohol) were injected into the interface by means 
of an "Agla” micrometer sj-ringc according to the method Avliich has 
been described by Alexander and Teorell. The sodium cetyl sul- 
phate solution was introduced into the aqueous phase. The lecithin 
film was found unsuitable for the purpose, .since it .showed a 2 )eculiar 
reactivity with salicylic acid. Tin's phenomenon w'ill form the subject 
of more detailed investigation. Another form of interfacial action was 



THE oil/water INTERFACE. 

Exp> 16 


367 


Cone. 




observed wben tbe benzene phase was half saturated with lecithin, 
and gliadin was injected into the interface. 

The interfacial tensions were determined by means of the Du Noiiy 
Interfacial Tensiometer (Central Scientific Co.). The interfacial tensions 
(IT) and the film pressures (F) are given in dynes per cm. 


Eesults. 

Both w'ith and without a film in the interface, the approach 
to the partition equilibrium approximately followed a simple 
exponential curve, which may be seen from the approximate 
straigthness of the logarithmic curves (Fig. 2 and 3). The ordinates 
give the concentrations in millimoles per litre of salicylic acid 
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It will first be considered whether the penetration velocity is 
conditioned by pure diffusion processes. To this end we may 
assume that the penetration of salicylic acid from water to ben- 
zene is not influenced by the phase boundary, but by a pure 
process of diffusion through the convection-free layers on both 
sides of the interface. From this assumption we may calculate 
the thickness of the layers. In the penetration constant P the 
membrane thickness H is not taken into account. The diffusion 
constant D, however, is calculated for a membrane thickness 
of 1 cm. If P is to be expressed in terms of D, H must be included 
in the form D = PH. D for sahcylic acid in both water and ben- 
zene is about 10“® cm- sec“^ (International Critical Tables). If the 
present case is a matter of simple diffusion. Experiment 16 gives 
the value: 


H = 


10 "® 

0.94 X 10“® 


= 10.6 cm. 


and Experiment 19 with the most violent possible stirring: 

10 ~= 


H = 


3.5 X 10"« 


= 2.8 cm. 


The convection-free layers, however, cannot possibly be so thick. 
The stirring was always rapid in the neighbourhood of the inter- 
face. Experimental investigations by Schulman and Teokell have 
shown that the unstirred layers around a cellophane membrane 
are of about 2 X 0.003 cm. thickness. There is no resaon to assume 
that the unstirred layers in the present case should be appreciably 
thicker. The 'penetration velocity therefore cannot he solely conditioned 
by diffusion. A quantitative estimate of the part played by the, 
unstirred layers in the penetration of salicylic acid may be ob- 
tained by calculating P for a membrane of 2 x 0. 003 cm. thickness, 

10 “® 

when D = 10~® cm- sec-^. Here P = 77^ = 1. 66 • 10 ^ cm- sec“k 

6 X 10 * 

The P found experimentally is 10“® cm® sec“k The discrepancy is. 
therefore about thousandfold. 

Obviously the penetration velocity is determined principally by 
the second alternative given above, namely de resistance offered by 
the “jump” of the molecules from water to benzene. Actually the 
salicylic acid molecules must overcome a considerable “energy, 
barrier” (cf. DanieI/Li) which thus provides a hindrance to the 
penetration. 
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The interfacial films employed did not influence the penetra- 
tion velocity, which is somewhat surprising in view of the fact 
that the free interfacial area available for penetration is con- 
siderably reduced by the film. In Experiment 12, where sodium 
cetyl sulphate was the film-forming substance, the film pressure 
F was 20.0 dynes/cm, at which pressure, according to the curves 
obtained by Alexander and Teorell, each molecule has an 
area of 80A- at its disposal. Of this area, the sodium cetyl sulphate 
molecule itself occupies at least 18 .gA=, which is the cross-sec- 
tional area of the molecule. This implies a blocking of the free 
penetration area by at least one' quarter. Such a figure cannot 
be given for gliadin since the form and orientation of the mole- 
cules are not known. The blocking, however, is certainly at 
least as great. It has been stated above that the conditions in 
the phase boundary itself are probably the real determining 
factors for the penetration velocity in this system. It might 
therefore be expected that the reduction of available space at 
the interface would influence the penetration velocity. Since this 
effect on the part of interfacial films could not be established, 
there remains the possible explanation that the phase boundary, 
despite the addition of the film, has not changed its behaviour 
with regard to the penetrating salicylic acid. It is possible that 
salicylic acid moleciile.s are dissolved in the hydrophobic parts 
of the interfacial film as readily as in benzene. In other words, 
the film-forming molecules may not appreciably influence tbe 
energy barrier in tlie benzene/water interface. It should be re- 
called that Sebua and Briscoe found that certain films do not 
appreciably influence tbe velocity of evaporation of water mole- 
cules from water to air. It might say that the water molecules 
were “dissolved” by the film. 

For biological membranes (red blood corpuscles, sea urchin 
eggs), various u'orkers (Wilbrandt) have found penetration 
constants varjung between 10~“ and lO'^cm'sec h The velocity 
constants obtained in the model experiment above, 10 cm-sec , 
arc therefore quite comparable with tbe biological values. An 
attempt to a theoretical calculation of the “penetration constants 
for an oil/water interface is to be found in Baniellis paper. 
He also finds good agreement between these and the biological 
values by assuming that the membrane has a viscosity 10® times 
that of water. There is therefore reason to consider, and to attempt 
to explain the permeability relations of living cell membranes m 
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respect of the results of the model experiments. In the latter 
it is the “jump” from water to benzene which determines the 
penetration velocity. In living membranes, the source of the 
resistance to penetration should not be sought merely in pore 
width, pore length etc. In the case of substances soluble in the 
membrane, it should also be sought in the actual passage across 
the pha,se boundary between the water and lipoid etc. phases. 
It appears desirable that these partition kinetics should be more 
closely studied, with special regard to their biological significance. 

Summary. 

(1) An oil/water interface (benzene/salicylic acid solution) has 
been employed as a model of a cell membrane. 

(2) The velocity of penetration of salicylic acid from the aqueous 
into the non-aqueous phase, and the influence of interposed mono- 
molecular interfacial films (ghadin, sodium cetyl sulphate) on the 
penetration velocity have been investigated. 

(3) The penetration constants found were of the order of 
10~^cm®sec~^. Ah effect of interfacial films on the penetration 
could not be demonstrated. 

(4) The reasons for the failure of the interfacial films to affect 
the penetration are discussed. The influence of the unstirred 
layers around the phase boundary is found to be negligible. It is 
concluded that the penetration velocity is principally determined 
by an “energy barrier” situated in the phase boundary, which 
must be overcome by the penetrating molecules. 

(5) The order of magnitude of the penetration constants found 
in model systems is the same as that observed for living cell 
membranes. The kinetics of penetration through the latter may 
therefore be considered as determined by the conditions at the 
phase boundary as well as by the pore dimensions etc. 

Heferences. 

Alexaxtjeb, a. E., and T. Teoeell, Trans. Faraday Soc., 1939, 35, 727. 
Danielli, J. F., J. Gen. Physiol., 1935, 19, 19. 

Danxeeli, j. F., Trans. Faraday Soc., 1941, 37, 121. 

Fbicke, H., j. Gen. Physiol., 1925, 9, 137. 

Langmuib, I., and D. Langmuie, J. Physical Chem., 1927, 31, 1719. 
Rideal, E. K., Ibidem, 1925, 29, 1585. 

ScHTTLMAN, J. H. and T. Teoeeli., Trans. Faraday Soc., 1938; 34, 1337. 
Sebba, F., and H. V. A. Beiscoe, J. Chem. Soc. 1940, 106. 
WiEBEANDT, W., Tabul. biol., "W. Junk, Haag, 1942, Vol. 19, 334. 



Aub der Physiologisdien Abteilung, Knrolinska Institutet, Stockholm. 


HcrstcUung und Eigenschaftcn von 
Siibstaiiz P. 

Von 

U. S. r. EULER. 

Einpcgangm am 2}. Angnst 19-12. 


Die Yorliiufig als Stibstaiir, P bozeichnete glnttmuskelerregende 
Substanz aus .Dnrm und Gchirn (Euler und Gabdum, 1931) 
^vurdc spatcr als cin Eiweisskdrper erkannt (Euler, 1936). Sie 
bcuirkt bci Kanincheu cine voriibcrgchcnde Senkung des Blut- 
druckos und crrcgt die von glattmuskeligen Organen 

in vitro (Euler, 1936, Ejurstrdt, Euler und Geruanbt, 1939) 
und in vivo (Gerxakdt, 19-11). 

Ucrfidlung. Frisclior Pfcrdednrm wird gcwaschen, zerkleinert und 
rait 2 Volumina bi.s pH 1 luifc 11.804 angcsauertem Wasser 2-inal bei 
100® cxtralucrt. Das Filtrat u'ird in vacuo soa-eit eingecngfc, dass 1 ml 
20 g Darm cntspriclit. Das Extrakt wird init NaOH bis pH 8 und mit 
*2*/, Volumina Alkohol vcrsctzt. Die Piillung n-ird nacb 21- Stunden im 
Eisschrank ubfiltriert, wieder in dem lialben ursprunglicben Yolum 
Wasser suspendierfc und nochmals mit 2^/, Yolmnina Alkohol %'ersefczt. 
Die vcrcinigtcn Filtrate vrerden rait Essigsaurc ncutralisiert und soweifc 
cingeengt, dass 1 ml 50 g Darra ent-spricht. Der Fallungsriickstand wird 
verworfen. Das Konzentrat wird dann mit Essigsaurc bis pH 1 versetzt, 
zentrifugiert und die Fallung rait Wnsscr gewaseben. Die Eallung wird 
verworfen und die Ware braunc Losung mit Aramonsulfat bis O.c Satti- 
gung vcrsctzt und iiber Nacht im Ei.sschrank gelassen. Die ausgeschie- 
dcnc Substanz wird abfiltricrt, abgcpresst, wieder in Wasscr gelost und 
nochmals mit AmmonsuUat bis Sivttigung bei pH 1 ausgesalzt, ab- 
filtriert, abgcpresst und gctrocknct. Yon 11. s kg Darm wurden in einer 
Pxaparation 33,000 EinheiteW in G.ic g Trockenpraparat gewonnen 
' (0.2 mg pro E), in einer andern Praj)aration von 10 kg Darm 32,000 B. 
in 9.50 g (0.3 rag pro E.). 


* Die Einhcit cntspricht etwa der ‘WirkUDR von 2—4 Schwellendosen am 
isolierten Jejannmstuck des Kaninchens in einem 30 ml Bad. 
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Audi aus Him konnte die wirksame Substaiiz durdi Aussalzen 
in derselben Weise gewonnen werden. (Bjuestedt, Euler und 
Gernandt, 1940). 

Zwecks weiterer Keinigung ururde eine konzentrierte Losung 
des Praparates (15 — 20 %) mit NaOH bis pH etwa 8 versetzt 
und mit 4 Volumina 96 % AJkohol versetzt. Dabei •vnirden inerte 
Proteinstoffe nebst Natriumsulfat nacb Abtreibung des Ammoniaks 
in vacuo ausgefallt. Die besten Prap^rate enthielten nacb dieser 
Keinigung 1 E in 0.17 mg. 

Fiir die weitere Reinigimg wurde Eallung mit Pikrinsaure vor- 
genommen. Eine wasserige Losung der Substanz P wurde mit 
gesattigter alkohobscber Pikrinsaurelosung vollstandig gefallt. 
Bei einer Alkobolkonzentration von 25 % oder weniger vurde 
Substanz P fast vollstandig gefallt. Durch Auslaugen der Eallung 
mit Eisessig wurde eine weitere Reim'gung bewerkstelligt, wobei 
inerte Proteinstoffe ungelost blieben. 

Die Pikrate waren in etwa 50 — 70 % Alkohol am besten loslich. 
Durch Auslaugen der Pikrate mit Methylalkohol warden weiter 
gereinigte Praparate mit IE in 0.13 mg gewonnen. 

Wirksame Pikrate warden dekomponiert (Schwefelsaure, Ather) 
und die zuriickgewonnene Substanz biologisch gepriift, wobei die 
Wirksamkeit unverandert war. 

Weitere Versuche die aktive Substanz mit Silbersalzen und 
Reineckesaure zu reinigen ergaben unbejfriedigende Resultate, da 
die voile Aktivitat weder aus der Eallung noch aus dem Eiltrat 
zuriickerhalten wurde. Die Substanz lasst sich bei saurer Reaktion 
mit Azeton aus alkoholischer oder wasseriger Losung ausfallen. 
Es liess sich aber eine teilweise Inaktmerung in manchen von 
diesen Versuchen feststellen. 

Kataphoreseversuche. Dekomponierte Pikrate gelangten in Aze- 
tatpuffer bei pH 5.6, 6.43 und 7.09 in dem Apparat von Tiselius 
wahrend 10 — 12 Stunden zur Kataphorese. Bei den beiden er- 
steren pH-Werten wanderte die aktive Substanz nach der Kathode, 
bei pH 7.09 nach der Anode. Die wirksame Substanz verhalt sich 
somit wie ein amphoterer Korper, dessen isoelektrischer Punkt 
zivischen pH 6.43 und 7.09 liegt, was mit den bei Eiillungsversuchen 
und friiheren Elektrodialyseversuchen (Euler, 1936) geraachten 
Befunden in Einklang steht, laut denen die Substanz P sich als 
ein schwach basischer dialysabler Proteinkorper (Polypeptid) ver - 
halt. 
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Zusammenfassnng. 

Eine Metliode zur Herstellung gereinigter Praparate voix Sub- 
stanz P aus Pferdedarm vird beschrieben. Die besten Praparate 
zeigten olme weitere Reinigung eine Wirkung von 1 E. in 0.2 mg 
Substanz. 

Die Substanz lasst sicli als Pikrat ausfallen. Gereinigte Pikrate 
zeigten eine beste Wirksamkeit von 1 E in 0.13 mg. 

Katapboreseversuclie ergaben, dass die Substanz noch bei pH 
6.4 kathodisch und bei pH 7.1 anodisch wandert. 

Diese Untersuchung wurde dutch jMittel der Stiftung »Therese 
och Johan .:\jiderssons minnes> unterstiitzt. Fiir ■wertvoUe Hilfe 
spreche ich Erl. 51. Nyborg und cand. med. G. Engstedt meinen 
besten Dank aus. A. B. Astra, Sodertalje, hat giitigst Rohextrakte 
zur Verfiigung gostellt, vofiir ich hier danken mochte. 
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Determination of the Red Corpuscle Content. 

By 

G. HEVESY and K. ZERAHN, 

(Received 1 September 1942.) 


Some time ago, a method of determination of the red corpuscle 
content, the “erjthron”, was described (Hahn and Hevesy 
1940). Corpuscles containing labelled phosphorus compounds are 
introduced into the circulation of the rabbit, for example, and 
the labelled phosphatide content, or the labelled acid soluble 
phosphorus content of the corpuscles of samples secured after 
the lapse of few minutes, is compared with the corresponding 
content of the corpuscles injected. Such a comparison indicates 
to what extent the labelled corpuscles introduced into the cir- 
culation are diluted by the corpuscles of the circulation, and it 
permits thus the calculation of the erythron of the rabbit. 

In the present note, a simplified form of the above mentioned 
method is described. The modified method is based on the com- 
parison of the total labelled phosphorus content of the corpuscles 
injected with the total labelled phosphorus content of the cor- 
puscles secured after the injection took place. The corpuscles 
are labelled r/i vitro. A blood sample of the rabbit is shaken in 
the thermostat for 1 — 2 hours in the presence of labelled sodium 
phosphate. By this procedure the corpuscles get labelled. The 
blood containing the labelled corpuscles is then reintroduced into 
the circulation of the rabbit. This modification of the previously 
described procedure was worked out in view of a possible clin- 
ical application of the method. 



DETERMINATION OF THE RED CORPDSCLE CONTENT. 


377 


Lnlielling of tlie Corpuscles. 

About 20 cm* of blood arc removed from tbe rabbit, placed in a 
flask the walls of which are coated with paraffin, labelled phosphate 
of negligible weight (see below) is added, and the blood is gently shaken 
in a thermostat for 2 hours at 37°.^ 10 cm* of the blood are then rein- 
troduced into the circulation of the rabbit. Erom the remaining blood, 
two standard samples, each of them weighing about 3 gm, are pre- 
pared. 

3 minutes after the injection of the labelled blood into the jugular 
vein, a few cm* of blood are taken from the carotis. Further samples 
arc taken at later times. The heparinized blood samples are centri- 
fuged, the coq)usclc3 arc weighed and brought into solution by wet 
ashing; subsequently, 80 mg of sodium phosphate are added, and the 
phosphate content of the solution is precipitated as ammonium mag- 
nesium phosphate. The standard samples arc treated in a similar way. 
In view of the much larger activity of the standard samples, only 
*/so of the solution obtained after ashing the sample is precipitated. 

Let us denote the amount of corpuscles injected into the rabbit 
by A, the ratio of the activity of 1 gm corpuscles of the blood injected 
and of the actmty of 1 gm coqmscles secured from the circulation 
after the injection ns B, then the total amount of the corpuscles pre- 
sent in the circulation (X) is given by 

X = A.B. 

In some of our experiments, we used **P prepared from carbondisul- 
fidc which was previously irradiated by a neutron beam. Should some 
of the **P present in the solution obtained by the extraction process 
be adsorbed by colloidal particles or be present in the solution in an- 
other not properly dissolved state, this part of the **P will be found 
after centrifuging the standard blood sample in the fraction containing 
the erythrocytes, while in the circulation this part may be taken up 
by the rcticulo-cndothelial cells. In order to avoid a possible error due 
to such an effect, we did not add the **P directly to the blood to be 
investigated but to a small blood sample which was centrifuged at 
once. The plasma of the last mentioned sample containing **P was 
added to the blood to be shaken in the thermostat. 

An alternative method is the following one. Labelled phosphate is 
administered to a rabbit, the blood of which thus becomes labelled. 
Few cm* of the labelled blood are introduced into the circulation of 
another rabbit after the lapse of several hours. By this procedure the 
activation in %'itro can be avoided. 


* This high temperature was chosen to accelerate the penetration of labelled 
phosphate into the corpusclc.s. 

25 — 'i22195. Acta phvs. Scandinav. Vol.A. 
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Is the Label of the Corpuscles Properly Conseryed? 

The method described above is based upon the assumption 
that the introduced into the corpuscles while the blood con- 
taining labelled phosphate is shaken in the thermostat is not 
given off during the experiment. One might expect that after 
the introduction of active blood into, the inactive circulation ’-P 
will leave the corpuscles and get replaced by ^^P atoms of the 
plasma. Such a process, if taking place at a sufficient rate, would 
clearly frustrate the application of the method. Since, however, 
a mixing of the blood introduced into the circulation of the rab- 
bit with the circulating blood does not last more than some min- 
utes or less, the blood sample can be secured, for example 3, 5, 
7, and 9 minutes after the injection took place. 

The loss of activity of the corpuscles in experiments in which 
active corpuscles were shaken in the thermostat with inactive 
plasma for 12 min. was found to amount to 1.5 per cent, only. 
(Cf. also Hahn and Hevesy 1940). That a possible loss of the 
labelling ='*P by the corpuscles does not influence our results is 
also seen in Table 1, in which the average of the activity of 1 gm 
of corpuscles secured from 12 rabbits after 3, 5, 7, 9, and 15 min,, 
respectively, is stated. The values obtained after 5, 7, and 9 
min. do not differ from each other within the error of experi- 
ments (± 5 per cent). The value obtained after the lapse of 15 
min. possibly indicates a slight loss of ®-P by the labelled cor- 
puscles. 

The fact that, within a time amply sufficient to carry out de- 
termination of the erythron the label of the corpuscles remains 
conserved is due partly to the comparatively slow rate of passage of 
the phosphate ions through the corpuscle wall, and partly to the 
fact that the easily renewable (activated) acid soluble P content of 
the corpuscles is much higher than the corre.sponding fraction of the 
plasma. The major part of the ®-P which entered the corpuscles 
while the blood was shaken in the thermostat is present as easily 
exchangeable organic acid soluble P. Now, the =®P atoms have the 
same chance to leave the corpuscles as have the ®*P atoms present 
in the same state. The ratio of ’-P and ^*P atoms in the corpuscles 
is, however, much smaller than the corresponding ratio in the 
plasma. Correspondingly, the chance of a ®=P atom to leave the 
corpuscles is comparatively small. The corpuscles of 100 gm of 
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rabbit blood contain about 20 mg easily renewable acid soluble 
P atoms, while tbe plasma contains only about 2 mg P atoms; 
tbe ®^P content of 1 gm corpuscles in tbe labelled blood injected 
is about tbe same as tbe ®®P content of 1 gm plasma. Tbe ®*P 
atoms bave tbus a mucb greater cbance to enter tbe corpuscles 
than to migrate in tbe opposite direction. Of course, if an ex* 
change equibbrium of ®®P between plasma and corpuscles is 
reached, this statement is no longer valid, but — as follows 
from tbe above data — after shaking tbe blood at 37° for 
2 hours, tbe ®-P : ®ip ratio of the plasma is still about 10 times 
tbe corresponding ratio in the corpuscles. 

Table 1. 


Activity of 1 gm corpuscles secured from different rabbits at different 
times after the injection of labelled blood (corpuscles). 


Time in 
minutes 

3 

5 

■ 

9 

15 

Rabbit j 


100 

106 


104 


B. 

2 


100 

102 

95 


96 

B. 

3 


100 

104 

91 


89 

B. 

6 

Activity (taking 

100 

105 


106 

97 

B. 

7 

the activity 

100 

107 


105 

92 

B. 

8 

found after the 

100 

95 

96 

no 


B. 

9 

lapse of 3 min- 

100 


102 

99 


B. 

10 

utes to be = 

100 


100 

96 


B. 

11 

100) 

100 

93 

95 

95 


C. 

1 

100 

100 

97 



C. 

2 



100 

97 

93 


C. 

3 


100 

104 


95 


c. 

4 

Average 

activity 

1100:11 = 

1016 : 10 = 

773 : 8 — 

903:9 = 

374:4 = 



100 

102 

97 

100 

94 




Errors due to the Activity of the Plasma. 

We do not inject active corpuscles but active blood into tbe 
circulation of tbe rabbit. The plasma of tbe rabbit becoming tbus 
active, some active phosphate will penetrate into tbe corpuscles 
in tbe course of the experiment, increasing tbus tbe ®“P content 
of tbe corpuscles. Such a process may entail a source of error. If, 
besides tbe corpuscles injected, labelled corpuscles are formed in tbe 
circulation, tbe value calculated for tbe erythron from tbe dilu- 
tion figures will clearly be found too low. In order to estimate 
tbe error due to the above mentioned process tbe following ex- 
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periment was carried out. Active plasma is injected into the 
blood of a rabbit and blood samples are secured at different 
times. The corpuscles are separated and their activity is determ- 
ined. The figures obtained (cf. Table 2) show what percentage 
of the plasma activity enters the corpuscles during the experi- 
ment (3 to 12 min.), similar values being obtained in further 
experiments. In our erythron determination, the activity of 1 g 
corpuscles injected was about the same as the acthdty of 1 g 
plasma injected, i. e. in the relative units of Table 2 = 1,000. 
Therefore the figures of the 4th column of Table 2 give almost 
exactly the percentage error of the erythron determination due 
to the penetration of from the plasma into the corpuscles in 
the circulation of the rabbit. 

It is of interest to compare the rate of penetration of ®-P from 
the plasma into the corpuscles in experiments in vitro with the 
figures obtained in the above described experiment in vivo. 


Experiment in vitro. 

Inactive blood was brought to 37° in the thermostat, active 
plasma of negligible weight was then added and the activity of 
the corpuscles was determined at different times. After the lapse 
of 3, 6, and 12 min., respectively, the corpuscles were found to 
contain 5.4 %, 8.8 %, and 12.9 % of the activity of the plasma. 
These figures were corrected for the activity due to adhesion of 
active plasma to the corpuscles which was found to make out 
2 % of the plasma activity. In experiments in vitro in which 
the plasma activity does not much change during the experi- 
ment the acti\dty penetrating into the corpuscles during 3 to 12 
min. is thus quite appreciable. In experiments in vivo, however, 
the plasma activity rapidly decreasing after the injection of the 
active blood, the amount of ®=P penetrating into the corpuscles 
is much smaller (cf. Table 2). If the plasma activity would dis- 
appear with the same speed in experiments in vitro as in experi- 
ments in vivo we would obtain the figures seen in the 5th column 
of Table 2. 

The following example shows how column 6 of Table 2 was 
calculated. Calculation of the value obtained after 3 min. The 
average activity of 1 g plasma during the 3 first minutes can be 
estimated to be 500. As, after 3 min., in the experiment in vitro 
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1 g corpuscles was found to contain 6.4 % of the activity of 1 g 
plasma, the figure registered in column 6 works out to be 2.7. 
The average activity between 3 and 6, and between 6 and 12 min., 
respectively, is estimated to be 200 and 130, respectively. 

When comparing the activity of the corpuscles "with the activ- 
ity of the plasma, we can calculate the increase in activity of 
the corpuscles and compare this activity increase with the activ- 
ity of the corpuscles which we inject in our usual experiments 
in which blood is shaken with active phosphate in the thermostat 
before the injection. 

Table 2. 


Penetraiion of ®‘P of the plasma into the corpuscles after injecting 
labelled plasma into the rabbit. 


Time in min. 

Activity of 

1 g corpuscle 

Activity of 

1 g plasma 

Percentage of the plasma 
injected present in the 
corpuscles 

found 

calculated from 
experiments 
in vitro 

0 

0 

1000 

0 

0 

3 

20 

260 

2.G 

2.7 

G 

33 

158 

3.3 

3.4 

12 

40 

99 

4.0 

3.9 


Adhesion of ActiTe Plasma to the Corpuscles. 

The acti\dty of the plasma may also influence the results ob- 
tained in another way as mentioned above. Centrifuging of blood 
does not lead to corpuscles entirely free of plasma. After centri- 
fuging blood for 26 min., in, a centrifuge making 6,000 revolu- 
tions per minute we find the corpuscles to contain 2 % plasma 
(cf. also Hahn and Hevesy 1942). In 1 g corpuscles prepared 
from the blood to be injected, we shall therefore find only 0.98 g 
corpuscles, the remainder being composed of plasma. In the blood 
to be injected, the activity of 1 g corpuscles is about equal to the 
activity of 1 g plasma, and the error due to the presence of plasma 
in the blood injected thus can be disregarded. However, other 
conditions prevail in the blood samples secured from the rabbits 
at different times. In the last mentioned samples the adhering 
plasma is much less active than the corpuscles to which the 
plasma adhers. The activity of 1 g of the corpuscles secured from the 
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active circulation is tlins not strictly comparable with the activity 
of 1 g of the corpuscles injected. Knowing the. activity of the 
plasma at different times (cf. Table 2) we can correct for this 
discrepancy. The erythron value calculated without taking regard 
to the above mentioned source of error will be 1.5 %, 1.7 % 
and 1.8 % respectively too high. We could eliminate the above 
mentioned sources of error due to the activity of the plasma by 
removing the active plasma and replacing it by inactive one. 
However, this step would complicate the procedure. 

Not only, however, remains the error due to the adherence of 
the plasma to the centrifuged corpuscles vuthin the errors of 
the experiment, it is in fact to a large extent compensated by 
the error due to the penetration of active phosphate from the 
plasma into the corpuscles during the few minutes which elapse 
between the injection of the active blood and the collection of 
the samples. 

An estimate of the three errors of the experiment, — viz. 1) 
adhesion of plasma to the centrifuged corpuscles, 2) penetration 
of from the plasma into the corpuscles in the circulation of 
the rabbit (error due to the fact that we do not inject labelled 
corpuscles but labelled blood), 3) loss of by the corpuscles 
during the experiment — is seen in Table 3. After the lapse of 
3 min., the plasma adhering to the corpuscles is thus less active 
(per g) than the corpuscles to which it adhers. Since we determine 
the weight of the corpuscles -p adhering plasma and the adhering 
plasma (per g) is only as active as the corpuscles, we find the 
activity of the corpuscles too low, the error being 2 — 2*^/4 = 1.5 
per cent. Correspondingly, after 5 and 7 min., respectively, we 
commit an error of about 1.7 per cent. 

Table 3. 


Estimate of different errors of experiment in the determination 

of the erythron. 


Time in min. 

Percentage error 
due to adherence 
of the plasma to 
the corpnscles 

Percentage error 
duo to intrusion 
of *’P of the 
plasma into the 
corpuscles 

Percentage error 
due to the loss 
of ”P by the 
corpuscles 

3 . . . 

+ 1.5 

— 2.7 

+ 0.5 

6 

+ l.c 

— 3.4 

-h 1 

12 

-h 1.8 

— 3.9 

+ l.r, 
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Results. 

As seen in Table 4, the corpuscle content of the rabbit per kg 
of fresli -weight varied between 20.5 and 26.5 gm. It is difficult 
to decide whether the erythrocyte reserve present in the spleen 
and some other organs interchanges with the erythrocytes of the 
circulating blood and, correspondingly, to what extent it parti- 
cipates in the dilution of the labelled corpuscles. Since our expe- 
riments were carried out with narcotized rabbits and, as shown 
by Barcroft (1934), in ether narcosis the blood reserves of the 
body arc to a ver}' large extent released, our results are inde- 
pendent of the above mentioned source of error and indicate the 
total erythrocyte content of the rabbits investigated. 

Table 4. 


Rabbit 

^Voight 
in gm 

Weight of 
corpuscles 
injected 

Activity 
per gm 
corpuscles 
injected 

Activity 
per gm 
corpuscle 
sample’ 

Total 
corpuscle 
content 
(erythron) 
in gm 

Corpuscle 
content in 
gm per kg 
rabbit 
weight 

B,2 . . 

3030 

3.40 

2000 

108 

03.1 

20.7 

B.3 . . 

2290 

2.CC 

2470 

140 

40.9 

20.5 

B. C . . 

2470 

3.9S 

ICGO 

115 

67.5 

23.3 

B. 7 . . 

2.330 

3.71 

2100 

1.33 

52.4 

20.0 

B. S . . 

.3200 

3.3S 

2ato 

83.3 

82.9 

25.9 

B.9 . . 

1990 

3.00 

24.30 

181 

41.4 

20.8 

B. 10 . . 

31G0 

3.10 

2102 

99.7 

05.4 

20.7 

B. 1 1» . 

2010 

3.23 

2100 

240 

29.1 

14.5 


Rndio-I’hospliorus and Radio-Iron as Indicators. 

Hahn, Balfour and alia (1941) determined the corpuscle vol- 
ume of the dog, using radio-iron as an indicator. Within a few 
dav.s after administration of radio-iron to dogs, most of the radio- 
iron present in the body is concentrated in the erythrocytes as 
a con-stituent of the hemoglobin molecules. Such erythroc}d;es 
labelled by the presence of radio-iron were used in the same way 
to determine the erythron of the dogs as corpuscles labelled by 
the presence of radio-phosphorus were applied by Hahn and 
Hevesy (1940) and by the present variters to determine the 

’ Average of Bnmplcs secured between 3 and 9 min. (corap. Table 1). 

* Anemia following previous operation. Hematocrit value = 22.5. 
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erytkron of the rabbit. In tbe determination of tbe erytbron, 
tbe radio-pbospborus method has the following advantages. Blood 
samples can be. activated in vitro, while such a procedure cannot 
be carried out when using radio-iron. Corpuscles containing la- 
belled hemoglobin can only be obtained in experiments in vivo. 
Furthermore, radio-phosphorus is very much easier to procure 
than radio-iron, since the preparation of radio-iron in sufficient 
quantities requires powerful tools in contrast to the preparation 
of radio-phosphorus. 


Summary. 

A simplification of -the method of determination of the red 
corpuscle content (the erytbron) previously communicated is 
described. 

A blood sample taken from a rabbit is shaken in the thermostat 
at 37° for about 2 hours in the presence of labelled sodium phos- 
phate and, then, it is reintroduced into the circulation of the rab- 
bit. A comparison of the total labelled phosphorus content 
(radioactivity) of the corpuscles injected vathi the total labelled 
phosphorus content of corpuscle samples secured few minutes 
.after the injection took place leads to the value of the erytbron. 

The corpuscle content of the rabbits investigated varied be- 
tween 20.5 and 26.5 gm per kg of rabbit weight. 

The authors wish to express their heartiest thanks to Professor 
Niels Bohr for numerous facilities kindly put at their disposal. 
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INTRODUCTION TO PROBLEMS. 


The Oxygen Tension Equilibrium between 
Alveolar Air and Arterial Blood. 

After the first investigations by HtiRTER (1912) on the gases in 
the arterial blood of man, a considerable number of investigations 
on this subject have been published (Stadie 1919, Haerop 
1919, Le Blanc 1922, Meakins and Davies 1925, and others), 
and in several diseases a considerable lowering of the oxygen con- 
tent. of the arterial blood in comparison with normal cases has 
been established as a sign that the absorption of oxygen in the 
lungs is seriously deranged. In their synopsis on cyanosis 
Lundsgajlrd and Van Slyke (1923) have given a theoretical 
analysis of the different factors causing an arterial anoxemia. 
In spite of the number of arterial blood-gas analyses published, 
there are few that make it possible to form a quantitative 
conception of the relative importance of these factors in each 
particular case. 

The factors to be considered are as follows: 

1. The composition of the alveolar air. 

2. The diffusion through the alveolar epithelium. 

3. Admixture of venous blood to arterialized blood. 

ad 1. In order to be able to retain the oxygen content of the 
alveolar air at a satisfactory level, a constant supply of air is re- 
quired by means of breathing movements corresponding to the 
consumption of oxygen. The defective renewal of the alveolar air 
can either concern all parts of the lung, e. g. in barbiturate or 
morphia poisom'ng or the superficial, ineffective breathing in 
certain cases of pneumonia, or it may only concern certain parts 
of the lung, e. g. in the case of emphysema. This irregularity in the 
ventilation of different parts of the lung has been of considerable 
importance when discussing its function. According to a number 
of investigators, it seems probable that in the healthy lung there 
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are parts that are less ventilated than others (Tendeloo 1902, 
Nielsen and Sonne 1932, Eoelsen 1937, and others), but it is 
not certain whether this irregularity is of any importance to the 
function. If a reduced ventilation in one part of a lung is com- 
pensated by a corresponding reduction of the blood-flow, the 
composition of the alveolar air will not be different from that in 
other parts. The fact that fractionated alveolar samples from one 
and the same respiration show a difference in oxygen content, 
which is greater between the first samples than between the last, 
is no proof that these last fractions originate in parts with a de- 
ficient ventilation, as has at times been supposed (Sonne 1934). 
They may just as likely be signs of a diminished blood-flow through 
the lungs during the latter phase of expiration (Krogh and Lind- 
hard 1914). 

As far as oxygen is concerned, this possible irregularity in the 
alveolar ventilation is of greater importance than is the case with 
carbon dioxide. On account of the different modes of combining, 
the reduced elimination of carbon dioxide within a sphere with 
hypo-ventilation is compensated by an increased elimination 
within the hyper-ventilated parts. The deteriorated oxygen ab- 
sorption in a badly ventilated area, however, cannot be com- 
pensated in the hyper- ventilated parts, the oxygenation of the 
hemoglobin being all but complete already with normal ventilation 
(Haldane and Priestley 1935). 

ad 2. The discussion as to whether oxygen passes into the 
blood by diffusion or by secretion (Bohr, Haldane) seems to 
have been decided in favour of the former process after Krogh’s 
enlightening work (1910), in which the oxygen tension was deter- 
mined by means of a perfect method and was compared with the 
alveolar oxygen tension. Hartridge (1912 — 13) has revised 
Haldane’s experiments on oxygen secretion with the carbon 
monoxide method but with a more accurate manner for deter- 
mining the CO-hemoglobin, and he has not been able to prove 
that the oxygen tension of the blood was above that of the alveolar 
air, not even during muscular work or at lowered oxygen tension. 

The stage of equilibrium to which the diffusion proceeds, cannot, 
however, be considered as established. The tension difference 
seems pretty regularly to vary from a few up to 20 — 30 mm. 
(Krogh and Krogh 1910, Barcroft, Cooke et al. 1920, Bock, 
Dill et al. 1929, Kroetz 1931, Dill, Edwards et al. 1931, Kramer 
and Sarre 1935, Dill, Christensen et al. 1936, Matthes et 
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al. 1936, Brinkman and Dirken 1940). It seems doubtful, 
however, whether this tension difference is an expression for 
an incomplete diffusion equilibrium, especially if consideration 
is taken to the direct determinations of the diffusion constant 
by jM. Krogh (1914) vuth Bohr’s (1909) carbon monoxide 
method. She found a diffusion constant (i. e. ml. oxygen which 
pr mm, tension difference passes from the alveolar air into 
the blood during 1 min.) in normal subjects ranging between 24 
and 43 ml. oxygen. The absorption of oxygen in the lungs largely 
takes place under a fairly great gradient of tension, while towards 
the end of the diffusion when the difference of tensions rapidly 
diminishes, onl}^ small quantities diffund. As has been pointed out 
by Bohr (1909), tliis depends on the form of the oxy-hemoglobin 
dissociation curve, from which it appears that the oxygen satura- 
tion in the region of almost complete saturation increases only 
slightly at considerable increase of the tension. Making use of a 
formula given by Bohr (1909), and calculating the diffusion con- 
stant from the final tension difference, Sarre (1935) arrived at a 
value for the diffusion constant of only 12.5 ml when the tension 
difference was 0.5 mm. The empiric values given by M. Krogh thus 
suffice to let the diffusion proceed to a point, where the tension 
difference is but a fraction of a mm.^ The explanation for the ten- 
sion differences found must under such circumstances be sought 
in some other factor (Barcroft 1925). 

Much seems to indicate that one of these factors is the difficulty 
of getting a reliable expression of the average oxygen concentra- 
tion of the alveolar air; this is due to the variations of concentra- 
tion during the different phases of respiration and to the irre- 
gularity in the composition of air from the different parts of the 
lung. The admixture of blood from the bronchial veins to the fully 
oxj'genated blood from the alveoli can likewise contribute to 
the difference in oxygen tension between alveolar air and blood 
(Knipping 1935). As Dill, Christensen et al. (1936) point out, 

* According to IlouoiiTON (1934) the method oi Bohr and Kbooh does not 
give reliable values, because the assumption that the carbon monoxide tensionin 
blood is practically zero docs not hold good, the oxygen combining so much 
more rapidly with the hemoglobin than carbon monoxide. In these circumstances, 
however, the difference in tension by means of which the diffusion constant has 
been worked out, would be less than was calculated. The constant would thus 
be greater than the values found by KbooH. The greater diffusion velocity for 
oxygen, compared with carbon monoxide as determined by _A. ^ooh (191J) 
would raise the values still further. Tlio diffusion constants given by M. Kboqh 
should thus be considered minimum values. 
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it is therefore incorrect to interpret the existing tension difference 
as a diffusion gradient. 

ad 3. Under normal circumstances there are possibilities for the 
admixture of venous to fully arterialized blood in the form of 
anastomoses between bronchial and lung veins (Miller 1906, 1925, 
Mathes et al. 1932). Though the exact magnitude of this admixture 
is unknown, it is probably small. In pathological circumstances, 
however, the mixing of venous and arterialized blood will prove 
an important cause of defective oxygen saturation of arterial blood, 
as e. g. in the case of pneumonia and atelectasis, and above all in 
cases of congenital heart disease (Morbus coeruleus). 

An evaluation of the relative importance of the factors de-. 
scribed as causes of a defective arterial oxygen saturation 
seems to be impossible for the present, owing to the lack of quan- 
titative measurements of these factors. Apart from a few deter- 
minations of the diffusion constant of the lung which were carried 
out by M. Krogh on patients with emphysema and pneumonia, in 
which cases the diffusion constant was normal, and by Harrop 
and Heath (1927) in polycythemia, where a small reduction was 
found, no direct determinations of this factor have been carried 
out in pulmonary diseases. The Brauer-Knipping school considers 
the impaired diffusion to be of paramount importance in arterial 
oxygen unsaturation (Knipping 1935) and for such a state Brauer 
has introduced the conception pneumonosis. The difficulty of ob- 
taining a reliable proof of this impaired diffusion is admitted. 

The decrease in arterial oxygen saturation by inhaling air with 
lowered oxygen content is in some cases of heart and lung diseases 
larger than normal and this test has been used in the study of pul- 
monary function (Kroetz 1929, Dirken and ICraan 1937, Dirken 
et al. 1942). The last mentioned authors in some cases of bronchitis 
and pneumothorax found a low oxygen saturation already during 
the inhalation of normal air but the decrease from this value while 
inhaling a mixture of low oxygen content w-as the same as in 
normal cases. This was considered to indicate the presence of 
uon-vcntilated parts of the lung through which blood was flowing, 
whereas the alveoli in ventilated parts were normal. The observa- 
tions are few, and the variations in normal cases considerable 
which greatly invalidates the conception of the authors. 

By judging the effect of breathing oxj'gen some investigators 
have tried to obtain a qualitative conception of the existence of 
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an admixture of venous blood. An arterial oxygen nnsaturation, 
vliicli is not relieved by oxygen, proves that circulation is con- 
tinued through areas cut off from ventilation (Meakins and Davies 
1925). As the oxygen unsaturation, however, in most cases of 
pneumonia is relieved by oxygen, these authors ascribe the un- 
saturation to the deficient breathing (Meakins and Davies 1921). 

In the present Avork a method will be described rendering pos- 
sible a quantitative determination of the size of the arterial oxygen 
deficit arising in consequence of the admixture of venous blood to 
fully arterialized blood, whether this is caused by the blood-flow 
through a lung area cut off from ventilation, or by blood short- 
circuited in some other manner between the right and the left side 
of the heart. 


The Blood-FloAV throug^h Non-Veiitilated Parts 

of the Laing-. 

In a number of different ways and with varying results attempts 
have been made to form some idea of the blood-flow through the 
lung in different stages of collapse and infiltration. 

When perfusing a lung blown up to different volumes, Poi- 
SEUiLLE (1855) found that the perfunded quantity decreased the 
more the lung was blown up. Quincke and Pfeiffer (1871), who 
effected an expansion of the lung in a more physiological manner, 
i. c. by negative external pressure, came to a contrary result. In 
his synopsis of the lung circulation, Tigerstedt (1903) writes that 
it must be considered definitely estabhshed that the blood-vessels 
of the lung expand under inspiration and are nairowed under ex- 
piration. In later investigation Avhich Cloetta (1910 — 1919) 
cariied out by means of lung plethysmography he considered that 
the blood-flow is increased in an expiratory position of the lung, 
but as his results are open to criticism (Krogh and Lindhard 
1914, Le Blanc 1922, Cory'llos and Birnbaum 1929), there 
seems no reason repudiate Tigerstedt’s conception. 

By extracting the blood-pigment from normal and atelectatic 
areas of the lung, Bruns (1909—1914) found a smaller blood 
content in the atelectatic parts. By determining the number of 
blood cells in a histological section H.anson and Sjostrand (1935) 
came to the same result. 
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The method of injecting a d3’e or other substances settling in the 
tissues in proportion to the blood-flow has been made use of for 
the same problem. By injecting aniline blue and a gelatinous solu- 
tion of Prussian blue. Eohmelaere (1881) did not get any filling 
of the arterial branches or any colouring of the tissue u-ithin an 
atelectatic area, and he considered that the blood-flow is stopped 
up by the atelectasis. Corper,. Simon and Rensch (1920) injected 
Prussian blue and scarlet-red suspension intravenously and ob- 
tained a uniform colouring of the lungs when in a normal state as 
well as in a condition of pneumothorax, except when this was of 
long duiation, Avhen a reduced colouring resulted. From the illus- 
trations published it seems, however, as if. the lung was only re- 
duced in size, vuthout any atelectasis having developed. According 
to CoRYLLOS and Birnbaum (1929), the distribution of injected 
iodized oil and Indian ink showed a reduction in the arterial blood 
supply and a disappearence or narrovdng of capillaries in atelectatic 
and pneumonic parts of the lung. "With a suspension of bismuth 
Mathes, Holman and Reichert (1932) obtained the same injec- 
tion of the arterial system of the lung when it was in a state of 
atelectasis as when it was normal unless infection developed, 
when the injection of the fine arterial branches was incomplete. 
Adams, Hrdina and Dostal (1935) found this reduced filling even 
in the absence of infection. Fine and Drinker (1931) perfunded 
animals vdth nickel-sulphide and by a quantitative nickel analysis 
of the pulmonary tissues they found a reduced blood-flow through 
the lung during pneumothorax and during atelectasis caused by 
bronchial occlusion. Injection of colloidal solution of graphite in 
rabbit with atelectatic areas in the lungs produced scarce!}' any 
colouring of these parts (Hanson and Sjostrand 1935). As a 
general result of these injection experiments,' it seems highly 
probable that the blood-flow through an atelectatic part of the 
lung is less than the normal. 

Better possibilities for a quantitative determination of the blood- 
flow through collapsed and infiltrated parts of the lung seem to be 
offered by an investigation technique first introduced by Sackur 
(1895, 1897). "When mixing fully oxygenated blood with venous 
blood from non-ventilated parts of the lung the oxygen content 
of the arterial blood is reduced. If the oxygen content of the blood 
coming from ventilated alveoli is Icnown as well as the oxygen 
deficit of venous and mixed arterial blood, it is then possible to 
calculate the proportion of blood passing non-ventilated parts. In 
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the event of open pneumothorax, where Sackur pre-supposes that 
one iung is completely collapsed and the other ventilating in full 
extent, the relation between the blood-flow through the two lungs 
may be calculated according to the following formula; 

right lung __ pa — - pi 
left lung pr — pa 

(pa oxygen content in arterial blood from carotids during pneumo- 
thorax, pr oxygen content of blood from the right lung (the func- 
tioning lung), pi oxygen content of blood from the left iung (pneu- 
mothorax side)). Assuming that the blood from the fimctioning 
lung is 100 % saturated vuth oxygen and that the oxygen deficit 
of the venous blood is 50 %, Sackur comes to the result in two 
cases that the blood-flow through the collapsed lung is greater 
than that through the functioning one. Tlie principle for this 
method of determining the blood-flow through non-ventilated parts 
of the lung seems to be irreproachable, but the results which the 
author arrives at seem open to question. When the pneumothorax 
is open the ventilation of the lung on the other side is affected 
considerably as pointed out by Weiss (1926) and Torning (1933) 
and others. Sackur's assumption that the blood from this lung is 
saturated to 100 % is therefore probably erroneous. 

By the same manner of determination, Hess (1912) found that 
the blood-flow through a lung, the bronchus of which had been 
obstructed, is about the same as when the lung ventilates freely. 
Le Blanc (1922) came to the same conclusion in similar experi- 
ments. In an extensive investigation of the effect of the open and 
closed pneumothorax on the oxygen content of the arterial blood 
of rabbit and dog, Weiss (1926) found that in rabbit a decrease in 
the oxygen content occurs only in the case of an open pneumo- 
thorax, while in dog a decrease takes place when the pneumo- 
thorax is closed as well as open. Shutting off the blood supply on 
the side of the open pneumothorax by ligating the hilum produced 
in some cases only a moderate increase in the oxygen content of 
the arterial blood, which indicates a slight blood-flow through the 
collapsed lung. In other cases, however, the increase was consider- 
able. By means of oxygen inhalation it was possible in most cases 
of decreased arterial oxygen saturation to regain a normal value, 
and in consequence Weiss draws the conclusion that in cases of 
pneumothorax anoxemia is chiefly due to an incomplete oxygena- 
tion of the blood in the free lung on account of irregular ventilation 
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and pendulum air. In attempts to make calculations according to 
Sackur’s principle in the case of bronchial occlusion in man during 
broncho-spirometrj Jacob^us and Bruce (194:0) in some ex- 
periments found that the blood flow through the occluded lung 
was almost imchanged, in others, however, quite unlikely values 
were obtained. 

According to An'drus (1925) the blood-flow is somewhat di- 
minished immediately following the occlusion of the bronchus, and 
afterwards decreases still more with the age of the atelectasis. 
The calculation was carried out according to Pick’s principle from 
the eh'mination of carbon dioxide and the difference in carbon 
dioxide content between venous and arterial blood. A value for the 
blood-flow thus calculated does not, however, represent, as Andrus 
seems to consider, the circulation through the ventilating lung 
alone but the entire circulation. In his calculations the author 
assumed the cardiac output to be the same before and after the 
bronchial occlusion. Instead of proving something concerning the 
blood-flow through the atelectatic lung, his determinations show 
a decieased cardiac output as the result of occlusion, which decrease 
subsequently disappears. 

In a series of experiments on dog in which a tube was placed in 
each of the bronchi, Moore (1931) found that with the occlusion 
of either bronchus, the blood-flow through the occluded lung, cal- 
culated from the decrease in the oxygen content in the arteiial 
blood, clearly diminished. While the ratio between the blood-flow 
through the right and the left lung in a normal state was 61 : 39, 
after the occlusion of the left bronchus it was 82.5 ; 17.5. The 
deviation from corresponding experiments by Hess (1912) and Le 
Blanc (1922) was explained by the fact that the author made the 
animals breathe oxygen, thus making the lung become atelectatic 
within a few minutes of the occlusion. Only those cases were 
included in the calculations in which the oxygen content of the 
arterial blood in the normal state exceeded 100 % saturation ac- 
cording to the mode of calculation by Van Slyke, which means 
that there was a surplus of physically dissolved oxygen. When 
breathing pure oxygen, in consequence of this physically dissolved 
oxygen, its content in a normal state .should correspond to a 
saturation of about 107 %. The fact that the values of saturations 
in Moore’s experiments were in so many cases considerably below 
this value, even before the bronchial occlusion, render his values 
less acceptable. In spite of this and of considerable individual 
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variations, SIoore’s investigations should, on account of the num- 
ber of his experiments, be regarded as the most reliable work 
carried out on this subject. 

Torxixg (1933) also determined the arterial oxygen saturation 
before and after the establishment of a pneumothorax, and in ex- 
periments on rabbit with an open pneumothorax it was evident 
that the share of the collapsed lung in the circulation is consider- 
ably reduced. Similarly to "Weiss (1926), Torxixg also found that 
the decrease in the arterial oxygen saturation resultant from an 
open pneumothorax was only partly suspended if the ciiculation 
through the collapsed lung was entirely excluded by shutting off 
the vessels in the hilum. In a number of experiments rvith a 
closed pneumothorax, not only was the oxygen absorption by each 
lung determined but also the oxygen saturation of the arterial 
and venous blood, and from these values the share of each lung in 
the circulation was calculated. In addition to these values there 
was a fraction of the circulation, characterized by the author as the 
unknown component, which regularl^’^ increased vith the pneumo- 
thorax. What TiiRXiXG means by this component is not quite 
clear, but in all probability it refers to the amount of blood passing 
non- ventilated areas. Inliis experiments Torxixg used pure oxygen 
in the inspired air, in order, as he expressed it, to discover as much 
of the circulating blood as possible. By this he evidently means 
that the oxygen content even in badly ventilated parts will be 
sufficient to allow of a complete oxygenation of the blood. 

Torxixg (1933) considered that the anoxaemia following on a 
pneumothorax is not due to an increased blood-flow through the 
collapsed lung areas, but can be explained by an imperfect oxygen 
absorption in the ventilating lung; the anoxasmia therefore dis- 
appears when oxygen is inhaled. That some investigators (Sackur 
1895, 1897, Hess 1912, Le Blaxc 1922, Dock and Harrisox 
1925), when determining the blood-flow through the collapsed limg 
by analysing the arterial oxygen saturation, have come to results 
indicating an unchanged or a more prolific blood-flow through the 
collapsed lung was considered by Torxixg to be due to their not 
having taken into consideration this impaired oxygen absorption 
in the ventilating lung. The arterial oxygen saturation preidous 
to the experiment is therefore an incorrect starting value for 
the calculation of the blood-flow through non-ventilated lung 
areas. Instead, this starting value should be put lower, thus 
giving lower values for the blood-flow m question. 

2—421338 
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Determination of Admixture of Venous Blood 
to fully Arterialized Blood. 

In order to be able to establish, according to Sackur’s principle, 
the existence of blood Tvhich has not absorbed oxygen during its 
passage through the lung, it is absolutely necessary to possess an 
exact knowledge of the oxygen content in the blood that has 
been oxygenated in an ordinary manner. Even in normal conditions 
arterial oxygen saturation varies some per cent, A saturation of 
94 — 97 % may be set as a normal sphere of variation (oxygen 
capacity is then determined by the saturation of the air at room 
temperature, by means of which a component of physically dis- 
solved oxygen is added to the chemically combined, for which cor- 
rection is not usually made (see Peters and Van Slyke 1932)), 
and not imtil the saturation is below 92 % may it be reasonable 
to assume that it is a question of a pathological value. It is erro- 
neous to consider that a decrease in the saturation compared ^vith 
an assumed normal value is an expression of admixture of venous 
blood, because this decrease may also be due to other causes, as 
was pointed out in the introductory chapter. In order to obtain 
a method by means of which it is really possible to isolate the 
admixtme of venous blood as being the only factor that affects the 
deviation from the normal oxygen satmation, it is necessary to 
devise experimental conditions in such a manner that the other 
factors affecting the arterial oxygen content, i. e. diffusion diffi- 
culties and insufficient ventilation are as far as possible eliminated. 

This object is simply attained by using pure oxygen instead of 
air. As has already been mentioned, Moore fl931) and Torning 
(1933) availed themselves of this possibility, but they have not 
made full use of the favourable consequence that oxygen breathing 
ensures for this problem. 

By disposing of all nitrogen and replacing it with oxygen, the 
irregular ventilation as a factor causing anoXcTemia disappears. If 
all nitrogen is eliminated, oxygen cannot sink below a value of 
100 % minus the carbon dioxide content, and the latter cannot 
rise to a higher level than that which corresponds to its tension in 
the venous blood, which is c. 6 % of an atmosphere. In order to 
make sure that the greatest part of the nitrogen really has been 
eliminated from a badly ventilated part, oxygen inhalation must 
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naturally be going on for a fairly good time before the test is 
made. 

A decrease of the diffusion velocity through the alveolar epithe- 
lium vill also lack importance Vrithin fairly extensive limits. The 
chemically combined oxygen which constitutes the greater part 
of the oxygen that has_ to diffuse into the blood, exerts a 
tension between 40 — ^100 mm. the difference of tension existing 
for the diffusion will thus be c. 600 mm. For the diffusion of 
200 ml. oxygen per min. the necessary diffusion constant is c. 
0.3. In order to bring the oxygen tension of the blood in 
equilibrium with the alveolar air to within 1 mm. an increase 
of the diffusion constant by 0.8 ^ will be necessary. The resulting 
value of 1.1 is only 1/20 of the normal minimum value (24 ml. 
Oj/min. seep. 11). A diffusion constant of this magnitude is in- 
compatible ivith the existence of life when breathing ordinary air. 

This considerable margin is to be found when the diffusion 
through all parts of the alveolar wall is equally great. Under normal 
conditions no great deviations from this uniformity are to be ex- 
pected, but in pathological circumstances the existence of all 
transitions are conceivable from normally transmittable alveolar 
epithelium to such epithelium as by thickening and exudation 
under normal oxygen tension is practically impenetrable for this 
gas. With the considerable rise of the oxygen tension that oxygen 
breathing causes, there are possibilities for such alveoli to transmit 
som.e oxygen. Thus there is a sphere where diffusion difficulties 
and the admixture of venous blood meet as a cause of arterial 
oxygen deficit. The quantitative significance of this sphere of con- 
tact must remain unestablished for the present. 

The magnitude of the arterial oxygen deficit, which is the result 
of the admixture of venous blood to the fully oxygenated, will be 
best understood by an example. With an arterio-venous difference 
of 60 ml. pr 1., the oxygen content of the arterial blood will sink 
by 0.6 naJ. pr 1., i. e. 0.06 vol.% with every per cent of the 

' The diffusion of physically dissolved oxygen can be expressed by the 
following formula (Bonn 1909, p. 253): 

^ a j ^ By 

M" 760 "P — p„ 

(d = diffusion constant. M = blood-flow/min. a = solubility coefficient. P=al- 
veolar oxygen tension, p^ = venous oxygen tension, p^ = oxygen tension of 
arterialized blood). If M = 4 1. a = 0.023 ml. P = 675 mm. p^ = 40 mm. 
and Pa 674 mm. (i. e. the diffusion proceeds to a final tension difference of 
but 1 mm.), d is 0.8 ml. 0,/ min. 
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total blood-floB* that is not arterialized. Making a blood-gas 
analysis in Van Slyke’s and Neill’s manometric analysis 
apparatus, it is possible after long training to attain an accuracy 
of c. 0.1 vol.%. With this method, which nevertheless signifies 
the most accurate available for such analyses, it is not possible 
to reach tbe lesser degrees of this admixture of venous blood. 

When breathing pure oxygen the fraction of physically dissolved 
oxygen amounts to c. 2.0 vol.% while when breathing ordinary air 
it amounts to only 0.26 vol.% (Liljestrand 1928). In order to 
saturate the hemoglobin of the admixed venous blood with oxygen, 
this surplus of physically dissolved blood is used in the first place. 
Only when such a large quantity of the physically dissolved oxy- 
gen has been consumed that the oxygen tension sinks to c. 150 
mm. can there be a certain incomplete oxygen saturation of the 
hemoglobin. The surplus of physically dissolved oxygen amounts 
to 1.6 vol.%. With an oxygen deficit of venous blood of 6 vol,%, 
this surplus is sufficient for the complete saturation of the hemo- 
globin of an admixture of venous blood which amounts to 27 % 
of the total blood-flow of the lung (see fig. 12 p. 53. cp. Peterp 
and Van Slyke I p. 583). 

By a determination of only physically dissolved oxygen it would 
thus be possible to determine the admixture of venous blood to the 
fully arterialized blood within fairly extensive limits. The chemic- 
ally combined oxygen is easily separated by centrifuging the blood- 
cells. According to Speitkamp’s (1939) investigations of centrifuged 
blood, it was found, it is true, that in plasma only a small quantity 
of the physically dissolved oxygen could be discovered. Speitkamp 
himself interpreted his results as a sign of an adsorption of oxygen 
to the blood-cells in agreement with a theory by Oon.vnt and 
ScoiT (1926). According to exceedingly accurate investigations of 
the physically dissolved oxygen which have been carried out by 
Sendroy, Dillon and Van Slyke (1934:), however, there are no 
indications of any adsorption process. The determination of nitro- 
gen in Speitkajip’s investigation showed very nearly the expected 
amount. This is in remarkable contrast to the adsorption theory. 
No signs of the existence of any similar decrease in the oxygen 
content in plasma after centrifuging have been established in the 
own investigations. 



METHODS. 


Methods of Determining Physically 
Dissolved Oxygen. 

As physically dissolved oxygen in blood and other fluids in the 
body is to be found in very small quantities, the determination 
involves certain difficulties unless there are considerable quantities 
of fluids at hand. The manometric apparatus for analysing gas of 
liquids constructed by Van Slyke and Neill (1924), which is nowa- 
days extensively used, requires for the analysis of physically dissol- 
ved oxygen in blood at least 5 ml. plasma for a single determina- 
tion, which means that the blood sample must be 10 — 15 ml. When 
making experiments on man, this is certainly no quantity of blood 
worth mentioning, but if a series of determinations are made on 
the usual laboratory animals, the blood samples will be too great. 
It was therefore considered desirable to work out a method which 
rendered reliable analyses possible on considerably smaller quan- 
tities of blood. In the following pages two processes will be de- 
scribed in detail for these determinations. The one method is a 
further development of the principle adopted in Van Slyke’s and 
Neill’s apparatus, i. e. the extraction of gases in vacuum, and the 
measurement of pressure at constant volume. The other method 
is based on the fact that under certain conditions oxygen is re- 
duced at a mercury drop electrode and gives rise to an electric 
current proportionate to the oxygen content. 

Micro-Analysis of Physically Dissolved Oxygen 
according to the Principle of 
Van Slyke and Neill. 

The basis of the construction of the apparatus about to be 
described was a method for blood-gas analysis which has been in- 
troduced by hlooK (1930, 1931) and which is stated to allow analysis 
of blood samples down to 50 c. mm. The blood sample is placed in 
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tbis apparatus and the liquids necessary for the extraction of gases 
are put into a separate pipette yith a capillary tube closed at one 
end. The pipette is attached to an evacuation chamber by means of 
a mercury seal. The extracted gases arc measured at atmospheric 
pressure. The difficulty of getting an uninterrupted pillar of gas 
in the narrow capillary in Mook’s apparatus is a great disadvantage 
for the method. This drawback has been eliminated by recon- 
structing the gas chamber in the form of a bubble and by changing 
from the measurement of the volume at constant pressure to the 
measurement of the pressure at constant volume, as has been done 
with the Yax Slyke-Neill apparatus in comparison with Yax 
Slyke’s previous volumetric apparatus. Another source of error 
that appeared when attempting to analyse still smaller samples 
than it was possible to do in Mook’s apparatus was the extraction 
of gas from the liquid which adheres to the glass joint of the iripette. 
This liquid is not entirely eliminated when the pipette is put down 
into the mercury seal. Some gas is*also adsorbed by the joint and 
extracted when this is put under vacuum. These errors, too, have 
been eliminated by putting gas and evacuation chambers together 
into the detachable pipette. 

The final appearance of the apparatus is seen in fig. 1. The gas 
chamber with a cubic volume of 25 c.mm. is attached to an evacuation 
chamber of t — 5 ml. The pipette is attached to a glass tube by means 
of a 3 cm. long neck with a glass joint. Immediately above this joint 
the tube ^videns to narrow off again round the upper part of the neck 
of the pipette to form a mercury seal, which remains in position during 
the shalang (fig. 2 C). Above the mercury seal the tube again expands 
into a container in which there is water to retain the temperature con- 
stant. The junction used below the evacuation chamber in Yax Slyke- 
NeilI/’s apparatus (a double rubber tube with mercury in the intervening 
space) has been replaced by a rubber junction in the shank rising to the 
-{—cross. The shank falling from the evacuation pipette vdllthus consist 
of an uninterrupted glass tube. Even if it is likely that Neill’s junction 
is absolutely reliable after having stood under vacuum for some time, 
this part which is inaccessible to inspection gives a feeling of uncer- 
tainty which is entirely avoided with the junction here used. Any air 
that might possibly penetrate the rubber can never come up into the 
pipette but accumulates in the upper shank of the -{--cross, in which air 
from the rubber tube attached to the mercury levelling bulb is also 
accumulated. The construction of the hanging and shaking arrangements 
necessary for this" junction is seen in fig. 1. The most important detail 
here is to see that the axis round which the movement takes place 
intersects the jimction, so that all strain on the glass parts is avoided 
and no change in the position of the mercury possible. This can be 
easily done by fixing the shafts round which the turning takes place 
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into an angle-bar, one shank of ■which projects so far that the shaft 
will be on a level with the rubber junction. It is also advisable to fit 
the apparatus with a screw for adjustment placed immediately above 
the stop-cock to the mercury levelling bulb. The adjustment can also 
be made by means of an ordinary rubber screw-clip placed at the junc- 
tion above described. 
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If the shape of the gas chamber is unsuitable, a liquid meniscus 
•would be likely to stick on the inside and thus completely derange 
the measurements. The ideal shape is a bubble with a cross-section, 
the curve of which has a radius increasing successively from the 

top (see fig. 2 B). It must 
not, however, be too e.vtend- 
ed, for the surface should be 
as small as possible in com- 
parison to the volume. The 
narrow connection between 
the gas and evacuation cham- 
bers should be ■ as short as 
possible. In order not to 
make the glass-blowing work 
unnecessarily difficult, it is 
better to insist on the ideal 
shape and let the volume be 
approximately 25 c.mm. There 
is no difficulty in correcting 
a volume that is not exactly 
that measurement. The inside 
diameter of the narrow con- 
nection between gas chamber 
and evacuation chamber 
should be 1 mm. and of the 
neck of the pipette c. 1.5 mm. 
The lower part of the pipette 
is pointed, thus forming a cul- 
de-sac round the opening, 
which gives greater security 
against outside gas pene- 
trating into the pipette. The 
gas which is collected in this 
cul-de-sac comes, as has al- 
ready been stated, from li- 
quid adhering to the joint and 
from gas adsorbed by this. 
This formation of gas can be eliminated by polishing the joint of 
the pipette and by using evacuated water above the mercury. These 
precautionary measures are not necessary, however, as these gases 
cannot penetrate up into the pipette unless it is completely emptied 
of mercury at the time of evacuation. The handle of the pipette 
should not be made of solid glass but of a glass tube, so as to avoid 
unnecessary strain on the joint during the shaking. 

Instead of this pipette for micro-determinations an ordinary Van 
Slyke-Neill evacuation pipette can also be attached (fig. 2 A). The 
apparatus can then be used for ordinary Van Slyke ana]y.ses, and the 
evacuation of the necessary solutions requires no special apparatus. 
A glass joint is not necessary for the junction, but a rubber packing 



Fig. 2. Details of apparatus. 

A. Attachment of pipette for usual Van 
Slj’ke analj’sis. 

B. Section through gas chamber. 

C. Mercury seal. 
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can be \ised-as indicated in this fig. The point of the pipette should 
go down a little below the rubber packing so as to prevent air from this 
packing from coming up into the pipette. Before the apparatus is used 
for analysis, the junction is placed for a little while under vacuum by 
lowering the mercury below the junction, thus extracting the greater 
quantity of the gas that is in the rubber packing. 

The evacuation of the solutions (alkali, Fieser’s solution for oxygen 
absorption, i. e. sodium hypo-sulfite -f sodium antraquinone beta-sul- 
fonate, octyl alcohol) takes place according to the instructions in Peter’s 
and V.AX Sey'ke’s (1932) description of blood-gas analysis. The CA^acu- 
ated solutions are transferred into glass syringes, which are rinsed 
2 — ^3 times AA-ith the liquid CA'acuated. Glass capillaries are used as 
syringe needles. These glass capillaries are fragile, it is true, but they 
make it possible to control that there are no air bubbles in the liquid 
when it is injected into the pipette. The long glass capillary renders dif- 
fusion of air into the syringe impossible. By grinding a circular groove 
in the piston of the syringe and filling it Avith mercury, an absolute pro- 
tection for the CA’acuated solution is easily obtained. Almost gas-free 
water is obtained by boiling a few minutes. The glass syringe is filled 
while the water is boiling. 

Au analysis of the oxygen and nitrogen existing in plasma is 
made in the folloAving manner. 

The gas chamber is filled with evacuated water, the eA'acuatioii 
chamber, with mercury. In order to get rid of the gas bubbles sticking 
to the walls and to replace the water that has come into contact with 
the air, the pipette is flushed from the gas chamber with the evacuated 
water. The pipette meanwhile is held neck upAvards. "While these flushes 
are going on, it is important to see that no mercury slips into the gas 
chamber and then sticks like a stopper in the narrow connection. This 
is most easily aA’oided if the capillary is inserted wliile the pipette, is 
held horizontally and is not changed into a A'ertical position until the 
flushing begins. If by any chance a drop of mercury should get into 
the gas chamber, it may be remoAmd bj’ injecting water while keeping 
the chamber turned upwards. A certain squirting out of mercury from 
the pipette cannot be aA'oided, and therefore the manipulations should 
preferably be done oAmr a bpwl of Avater. A little drop of octyl alcohol 
is put into the gas-chamber to prevent foaming. 0.2 ml. plasma is placed 
in the evacuation chamber Avith the help of a screAv-pipette. The pipette 
must be in a horizontal position, otherwise air will easily get in or the 
plasma will run out, depending on whether the point of the pipette is 
directed downwards or upwards. The neck of the pipette is filled with 
mercury and it is uoav put down into the mercury seal, the water mantle 
is filled Avith Avater, and for the purpose of getting Amcuum the leAmlling 
bulb is lowered till the mercury in the manometer stands on a level 
Avith the middle of the eAmcuation chamber. It often takes a couple of 
minutes for the gas development to get started, but this may be hastened 
by gently knocking the suspending disc. By resuming atmospheric pres- 
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sure for a moment the bubble first formed -will rise into the gas chamber. 
When the levelling bulb is lowered, the liquid in the chamber will also 
sink. The level of the mercury is lowered to the upper opening of the 
neck of the pipette. Under no circumstances must the mercury sink be- 
low the end, for then the air that is in the cul-de-sac round the point 
of the pipette will always follow the mercury when this rises again. 
After shaking for three minutes the stop-cock for the levelling bulb is 
opened^ and the extracted gases (carbon dioxide, oxygen and nitrogen) 
are returned to atmospheric pressure. The pipette is detached and O .04 
ml. 1-N NaOH solution is injected into the evacuation chamber, the 
pipette being kept horizontal. When the neck of the pipette has been 
filled with mercury it is again put into the seal, and the mercury is once 
more lowered to the upper opening of the neck of the pipette. After 
shaking for one minute, during which time the carbon dioxide has be- 
come completely absorbed, the level of the liquid is carefully adjusted 
to the line below the gas chamber, a possible meniscus formation in this 
chamber having, been removed by letting the gas bubble resume 
atmospheric pressure for a moment and rise to the top of the gas chamber. 
When the pipette has again been detached, O.oi ml. FrESER’s solution 
is injected straight into the gas chamber, and the pipette is rotated in 
a horizontal position until the gas bubble no longer diminishes in vol- 
ume, which process only takes about a minute. The neck of the pipette 
is again filled ■nith mercury and after one minute’s evacuation for the 
extraction of the nitrogen which has been dissolved during the absorp- 
tion of the oxygen, a second adjustment and reading is made. 

The reason why the alkali is not applied previous to the evacuation, 
the carbon dioxide not being determined in any case, is the strong in- 
crease of the oxygen consumption of the plasma which takes place when 
this becomes alkalified. By using O.i-N alkali this consumption of 
oxygen becomes less, it is true, but it is still a great source of error. 
If alkali is injected straight into the gas chamber when the gases have 
been extracted by evacuation, this also involves a systematic error, 
because the oxygen dissolved during the absorption of the carbon 
dioxide seems for the most part to be consumed and is not recovered 
by renewed evacuation. With the above mentioned method the ex- 
tracted gas bubble is sufficiently large to almost entirely fill the gas 
chamber, thus making the surface of contact between gas and liquid 
insignificant. The concentration of oxygen in this gas bubble is, more- 
over, relatively low, as the greater part of the gas extracted being car- 
bon dioxide. By placing the alkali in the evacuation chamber, the 
plasma does'not become alkalified until it is again under vacuum, when 
there is no longer any possibility for the oxygen to be dissolved. In the 
accurate determinations of the physically dissolved oxygen carried out 
by Sexdroy, Dillox and Van Slyke (1934) the carbon dioxide is like- 
wise not absorbed until the gases have been extracted, but no motive 
is given for this procedure. 

In order to determine the nitrogen percentage, it is necessary to know 
the i)osition of the manometer when there is no gas in the chamber, 
and this involves certain difficulties. If the pipette is filled mth com- 



27 


THE OXYGEN DEFICIT OF ARTERL\L BLOOD. 


pletely evacuated liquids, there will never be any gas bubble. A satis- 
factor 3 ’- conception may be formed by inserting a minute air bubble by 
means of a glass capillary and then making a reading. The amount of 
the liquid in the pipette should correspond to that which exists after 
the completion, of an analysis (0.25 ml. beyond the liquid in the gas 
chamber). If the bubble is sufficiently small (barely visible to the naked 
eye), the error need not amount to more than some fractions of a 
millimetre. 

In consequence of the small amount of Fieser’s solution that is used, 
it is not necessar}'- to make anj’- correction of the manometer A’-alues for 
the change in the mercury level in the pipette. 

The calculation of the amount of gas is made with the help of the 
formula given by Van Sly'ke and Stadie. 




a*i 


(1 ir.o 


760 (1 + 0.003S4 t) 


a-S 
A — S 


P. the difference in pressure between the readings, 
a. the volume of the gas chamber. 

i. the reabsorption factor (which for oxygen and nitrogen is 1, i. e. 
no reabsorption), 
t. the temperature. 

S. the amount of liquid in the pipette. 

A. the volume of the pipette. 

a. the coefficient of solubility of the gas. 


The factor 


a*S 


is so trifling for oxygen and nitrogen on account 


of the low value of the coefficient of solubility that it can be ignored. 

The figure O.ooasi is an empiric constant given by Van Slyke which 
includes the effect of temperature on the volume of gas, mercury and 
glass. 


Tlie apparatus can also be used for analysis of the gases in 
blood. The amount necessary for analysis is 10 c.mm. Further, 
it is also applicable for the micro-determination of gases down 
to samples of a few c.mm. The technical details of these 
analyses will be published later. 


Polarographic Oxygen Determination in Blood. 

The Polarograph. 

The polarograph as a qualitative and quantitative chemical 
method has been worked out by HEYROVSKy and his school. The 
method is based on the principle that ions existing in a solution 
are able to be reduced at a mercury drop electrode, provided that 
a suitable potential is applied. What distinguishes this electrode 



28 


SVKX :ir. BERGGREX. 


from the ordinary stationary ones is that, firstly the electrode sur- 
face is being constantly renewed, secondly its surface undergoes 
a regular change in size with every drop of mercury that is formed, 
and lastly the part of the solution that comes into contact with 
the electrode is renewed with every fresh drop formed. 


Co/a'^e/- 

e/ec/roc^ 



Fig. 3. Arrangement for polarogrnpliic oxygen determination in blood. 


The current registered on. a galvanometer in the outer circle is 
due to a change of electrons at the electrode and is dependent 
on the potential and quantity of substances capable of reaction. 
Apart from positive ions some undissociated substances may also 
be reduced i. e. take up electrons, and oxygen is one of these. , 
Besides the capillary which is drawn out to a fine point and 
through which the mercury flows, the polarograph consists of a 
mercury container, a galvanometer and a potentiometer and pos- 
sibly some sort of an automatic registration arrangement (fig. 3). 

If for a solution containing some different substances a curve is 
made of the variations of the current when the voltage is succes- 
sively increased, a characteristic ladder-like curve is obtained. The 
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potential corxesponding to the rapid increase of current is charac- 
teristic of eacli particular substance and depends on the facility 
with which the exchange of electrons is brought about. The level 
formation appearing after the period of rapid increase in the cur- 
rent is an expression of a pure diffusion of the reducible particles 
up to the surface of the mercury drop. When the potential reaches 
such a value that all the particles coming to the surface of the 
electrode are immediately reduced, the afflux of particles will de- 
pend on the concentration and the diffusion velocity. The con- 
dition for the appearance of this so-called diffusion current 
(Ilcovic 1934:) is, in the case of electrolytically dissociated par- 
ticles, that the fall of the potential in the solution is diminished 
by the existence of an electrolyte, the positive ion of which is not 
reduced until a higher potential is applied. If such is not the case, 
a component is added to the diffusion current, a so-called migration 
current, which is due to the reduction of particles having been 
attracted to the elctrode, thanks to the fall of potential within the 
solution. For imdissociated molecules, e. g. oxygen, the migration 
current is excluded entirely (Ilcovic 1934). 

A tabulation of the potential characteristic for the reduction of 
different substances gives a so-called polarographic spectrum, 
which is analogous to standard electrode potentials. The oxygen 
is reduced already at a low minus potential ( — 0.4 V. in neutral 
solution, while for example sodium is not reduced until — 1.8 V.). 
Within the same area of potential where the oxygen is reduced, 
Fe, Cu, Pb and Bi are also reduced. The possible concentrations of 
these ions in blood are very small and are of no importance in 
comparison with oxygen. Thus there is a fairly large field of poten- 
tial, vdthin which the current is caused by the reduction of oxygen 
only. The applicability of the method for quantitative determina- 
tion of oxygen in biological media is based on this fact. 

Heyeovsky and Slmuxek (1929) found that the current for the 
reduction of oxygen in foiu solutions, in equilibrium with 0, 2.83, 
21 and 93.7 %, oxygen stands as 0 : 3.5 : 21 : 91. VItek (1935) 
has subsequently made systematic use of this proportion ahty be- 
tween current and the tension of oxygen for measuring oxygen 
content in gases. By saturating water or alcohol with the gas 
mixture to be analysed with subsequent polarographic analysis of 
the liquid, an expression was obtained for the oxygen tension. 
Other gases, such as carbon dioxide, hydrogen and nitrogen did 
not affect the determination. In order to be able to follow uninter- 
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ruptedly the decrease in the oxygen content during inter alia the 
metaholism of bacteria, Peterixg and Daxiels (1938) and Winzeer 

(1939) availed themselves of 
polarographic oxygen deter- 
mination. For analysing 
oxygen in the blood, the 
polarograph seems to have 
been used only by Bau.m- 
berger (1940). By con- 
verting hemoglobin in liema- 
tin the oxygen is released 
and it is possible to es- 
tablish the oxygen content 
in the solution. The quan- 
tity of blood necessary is 
20 c.mm. and the accuracy 
of a determination is stated 
to correspond to the ordi- 
nary Van Slyke analyses. 

The reduction of the oxy- 
gen takes place in two 
stages, which according to 
VfTEK (1935) are repre- 
sented by the reactions 



Fig. 4. Comparison between polnrographically 
registered current of ojcj'gen reduction in 
blood and plasma. 


Os -f 2 e -f 2 H+ - H,0, 

HiOj 4- 2 e -f- 2 H'*' -«■ 2 HoO where e represents an electron. 

The agreement between the second step in the oxygen reduction 
curve and that obtained on analysing a solution of hydrogen 
peroxide seems to justify the assumption that hydrogen peroxide 
appears as an intermediate stage. The t}’pical course of the oxygen 
reduction is illustrated in fig. 4. 


Polarograpliic Oxygen Determinations in the Presence of 
Chemically Combined Oxygen. 

In attempts to apply the polarograph for the study of oxygon 
in the blood, particularly the physically dissolved oxygen in 
plasma, it has been considered suitable also to examine more 
closely what takes place with blood under different conditions. 
As the diffusion current is an expression for the diffusion velocity, 
which depends on the oxygen tension, it was at first thought the- 
oretically possible to directly obtain an e.xpression for the oxygon 
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tension in blood, bnt it was soon found that the oxygen which 
was chemically combined with the hemoglobin is partially 
released and increases the current of the oxygen reduction. 

According to Brdicka and Trofp (1937), hemoglobin catalyses 
the reduction of hydrogen peroxide, so that the reduction begins 
at a lower minus potential than it does normally. With a suffi- 
ciently high percentage of hemoglobin the steps of reduction of 
oxygen and hydrogen peroxide merge into each other. The total 
height of the two reactions is not, however, affected. The catalysis 
is most emdent at lower pH. 

Under certain conditions curves of the same appearance have 
been obtained as these authors described, e. g. when mixing hemo- 
globin crystals with a phosphate buffer solution, or in hemolyzed 
blood, in which the hemoglobin has been blocked by CO. In blood 
in which oxygen occurs in both chemically and physically com- 
bined form, whether the blood is hemolysed or not, a two-step 
curve will always appear. In contrast to the curve obtained in 
plasma free of hemolysis, the first step is, however, raised in com- 
parison to the second, as is seen in the curves in fig. 4. That it 
concerns a rising of the first step is evident from a comparison 
between plasma free of hemolysis and plasma in which an hemolysis 
has taken place (table VI page 48). A statistically highly significant 
rise of the first step is to be found here, while the second one lies 
within the normal sphere of variation. 

Variations of the amount of chemically combined oxygen at a 
constant amount of physically dissolved oxygen causes corres- 
ponding variations in the polarographically registered current, 
but the proportionality is not rectilinear (see fig. 5). In this series 
as in the ones immediately following, the reading has been made 
on the second step at a potential of — l.G V. as compared with a 
saturated calomel electrode. From the curve it ivill be seen that 
the increase of the current, which is to be ascribed to the chemically 
combined oxygen, by no means corresponds to the increase in oxy- 
gen content. While at normal oxygen capacity the blood contains 
c. 40 times as much chemically as physically combined oxygen, 
the current in blood is only c. 4 times greater than it is in plasma. 

If instead the degree of saturation is varied by bringing blood 
in equilibrium with different oxygen tensions, a more rectilinear 
course of the curve is obtained within the sphere for incomplete 
saturation (fig. 6). AVhen the tension is exceeded at which the 
hemoglobin is completely saturated with oxygen, it is only the 
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D/f/c/'S/o/J 

cc/rrerz/ 

x/O-^/7 



Fig. 5. Diffusion current of oxygen at constant oxygen tension (150 mm.) but 
varjnng quantities of chemically combined oxygen. 


\/o/% 

oxygen /ens/'o/v 



Fig. G. Diffusion current of oxygen and oxygen content in blood at varying 

oxygen tensions. 
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physicaKy dissolved oxygen that increases. At these higher tensions 
the polarographically registered current foUoiro the physically dis- 
solved oxygen. 

The effect of the variations in temperature on the current pro- 
duced by oxygen ivili be seen in fig. 7. As is to be expected from 
the kinetic gas theory, the current diminishes with falling tem- 


^//yus/a/y 

ccrrrsnf 

x/t7-<5v 



D/fyi/stOfT Oxygen 

ce/rreay conienf 

x/O-^/r Vo /‘A 



Kg. 7. Difftisioii current of oxygen in Fig. 8. Influence of variations in car- 
blood and plasma at varying bon dioxide tension on diffusion current 
temperatures. of oxygen in blood. 


perature. Compared with plasma, where there is only physically 
dissolved oxygen, this decrease in current is considerably stronger 
in blood or hemoglobin solutions. At 0° C. the component which 
is due to the chemically combined oxygen is very small. 

While variations in the carbon dioxide content do not affect the 
current produced by the physically dissolved oxygen (Hetrovskv 
1936, ViTEK 1935) and are consequently of no importance when 
measuring on plasma, an increase of the carbon dioxide tension in 
blood at imchanged oxygen tension brings about an obvious 
increase of current, as will be seen in fig. 8. Within the sphere 
of incomplete saturation , the diminished affinity between hemo- 

Z—42133S 
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globin and oxygen caused by increased carbon dioxide tension must 
be taken into account, but both experiments show how the 
curves for current and oxygen content cross each other. 

Tabic L 

The influence of blood-cells on diffusion current of oxygen. 

The hemoglobfn is blocked by carbon monoxide. 

Gas in saturator 45.2 je 0, = 342 mm, 

52.6 % Co 

DifTosion currents at —1.6 T (relative valnes). 


Blood 

Plasma 

Cells 

115 

130 

97 

120 

125 

99 

118 

129 

99 


In tabic I a comparison has been made of some experiments in 
which the oxygen capacity of hemoglobin has been eliminated by 
saturating the samples in a mixture of carbon monoxide and oxy- 
gen. Tiic o.x}'gen in these samples is thus only physically combined. 
According to investigations made by Sendroy, Dillon and Van 
Slyke (1934), the solubility coefficient of oxygen is c. 1.20 times 
greater in hemoglobin than in water. Thus in spite of the fact that 
the sample tvith blood-cells contains more physically dissolved 
oxygen than the other samples, the current is lower. The dilution 
of plasma with physiological saUne causes an increase of the current 
(table II). 

According to the theory for polarography, the current, when the 
horizontal level has been reached, is an expression for the diffusion 
velocity of the reducible substance in the solution in question. The 
diffusion velocity, however, is not only a function of the concentra- 
tion gradient, but is also due to the obstacles which the solu- 
tion and the therein existing substances represent to the diffusing 
particles. This will probably explain the experiments last men- 
tioned, and would thus seem to be a result of the diffusion being 
slower in the blood-cells and through the blood cell-membrane 
than 1 .S the case in plasma, and besides this, the dilution of plasma 
colloids facilitates the diffusion. 

Vliat takes place in experiments in which oxygen occurs in both 
cliemically and physically combined state is perhaps mo.st easily 
e.xplainod if an idea can be formed of what takes place in the 
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Table H. 

Effect of diluting plasma with 0.9 % NaGl solution on diffusion 

current of oxygen. 

Oxygen pressure in saturator 750 mm. 


Relativo 
content of 
plasma 

DifTasion 
current at 
- l.G V. 
(relative values) 

Oxygen content 
(ml. OJml. 
sample) 

( 

1 

51.8 

0.021B 

1 

5-i.7 

0.0212 

O.G 

54.5 

i 0.0209 

1 0.0213 

0.4 

54.8 

/ 0.0220 
\ 0.0212 

0.2 

55.6 

0.0218 - 

O.l 

56.7 

0.0211 


immediate vicinity of tlie electrode. The reduction of oxygen makes 
the concentration of this gas at the electrode surface equal to 0. 
With the presence of only physically dissolved oxygen, molecules 
from the surroundings diffund toB'ards the electrode surface and 
partially fill the vacuum of oxygen caused by the reduction. If, 
however, there is also chemically combined oxygen present, some 
of this will be given off within the sphere of decreased oxygen 
content in order to restore the balance between chemically and 
physically combined oxygen. The rapidity with which the 
oxygen is emitted is due to the dissociation velocity of the oxy- 
hemoglobin and to the diffusion in blood-cells and through the 
blood-cell membrane. If a comparison based on these observa- 
tions is made between the above mentioned experiments and the 
sldlful investigations in the kinetic of the hemoglobin carried out 
by Hartridge and Roughton (1923 — 1927) they are easy to ex- 
plain. By quickly mixing ox}''-hemoglobin and a reducing solution 
(sodium hypo-sulfite) and then letting it pass through a long glass 
tube, these authors, by spectroscopically following the relation 
between hemoglobin and oxy-hemoglobin at different distances 
from the mixing chamber, could form an idea of the dissociation 
velocity for oxy-hemoglobin. This dissociation takes place in the 
form of a mono-molecular reaction, i. e. in direct proportion to the 
quantity of oxy-hemoglobin. The rectilinear course of the current 
in relation to the oxygen content in fig. 6 p. 32 coincides with this. 
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The (lecrMse of pH causes an increase of the dissociation velocity 
of oxv-heraogiobin. The larger current vrlien increasing the carbon 
dioxide tension at constant oxygen tension may probably be ex- 
plained by a similar pH-cffcct ffig. 8). The comparison between 
the velocity vnth whicb oxy-bcmoglobin is formed from oxygen 
and hemogiobin, partly by using a hemoglobin solution and partly 
by blood-ccll suspension showed that the reaction in the last 
mentioned case takes place with only 1/10 of the velocity in the 
hemoglobin solution. In a theoretical analysis of the co-operation 
between diffusion velocity and chemical reaction velocity, Eough- 
TOK (1932) calculated that the reaction velocity for the dissociation 
of oxy-hcmoglobin when the hemoglobin occurs in the blood-cells, 
is reduced to a good 50 % of the reaction velocity in a hemoglobin 
solution. The polarographically registered current being almost 
as great in a sample vith intact blood-ceUs as in hemolyzed blood 
containing only half of the quantity of hemoglobin, is in fairly good 
agreement quantitatively vdth tliis value (see fig. 4), The effect of 
the temperature variations on the current (fig. T) is likewise in 
qualitative agreement with the experiments of Hartridge and 
lloUGHTOK. 

Quantitative Oxj-gen Determinations by Means of 
tlio Polnrogrraph. 

In order to he able to obtain from day to day reproducible 
values with quantitative polarographic analysis, it is necessary to 
work with constant drop times and a constant flow of mercury. 
According to Ilcovic (1934, 1938) the diffusion current is repre- 
sented by the formula: 

i = 0.G3 -vF'C'DV* mVs -t’/fl 

V = velocity, F = Faraday, C = concentration, D = diffusion 
coefficient, m = flow of mercury per sec., t = drop time. 

The formula shows that the diffusion current increases in pro- 
portion to the flow of mercury and the drop time. This formula 
concerns conditions when using a galvanometer -with a long period 
of swing with which the polarograph is usually equipped, and by 
which the variations in current during the formation of the raer- 
cur}’ drop aie equalized. When, as in the present experiment, a 
galvanometer is used with a short period of swing (Multiflex gal- 
vanometer according to Laxge; adjusting time 1—2 sec.), the 
rending is made immediately before the drop falls, when the current 



THE OXYGEN DEFICIT OF AETEKIAL. BLOOD. 


37 


has reached its maximton. Even in these circumstances the rela- 
tion hetvreen the current on the one hand and the drop time and 
the floiv of mercury on the other is valid. Apart from this being 
established empirically, it vrill also he clear from the foUorving 
argument. The current must obviously be proportionate to the 
surface of the electrode, and as this increases with increasing 
drop time, provided that tlie flow of the mercury is constant, the 
cmrent must increase with increased drop time. Eurthermore the 



current consists of two components, one of wliich must be attri- 
buted to the diffusion of the reducible particles up to the surface 
of the electrode, the other being due to the growth of the mercury 
drop, by which the surface of the electrode so to speak meets the 
diffunding particles (iLCorac 1934). The greater the flow of mer- 
cury, the more rapid will be the increase of the mercury drop 
and this ivill consequently produce an increase of the current. 

An absolute constancy of the drop time is often difficult to keep, 
probably on account of minute particles of dirt collecting at the 
opening of the capillary and affecting the size of the drop. By 
cleaning the point with nitric acid (25 %) and possibly dipping it 
into dichromate-sulphuric acid before ‘each analysis a relatively 
good constancy can be obtained, but in spite of this it is difficult 
to avoid some slight variations. It is, however, possible to make a 
correction, because just before the drop falls, the current very 
nearly follows the time rectilinearly. This will be seen from fig. 9, 
which is a photographic registration of the variation of the current 
during the formation of the drop. 
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Correction for tlic flow of niercory should naturally also be pos- 
sibJo. Bcpeatcd determinations of the flow of mercury during a 
number of days show, however, that tliis is practically spealdng 
constant, provided of course that the level of the mercury con- 
tainer is not altered. In order to be able to control that varia- 
tions arrived at in the determinations of the 0 X 3 ’gen content are 
not due to a partial stoppage in the capillary, invohdng a con- 
sequent decrease in the flow of mercury, daily registrations have 
been made of the flow of mercury during the latter period of these 
experiments. These registrations of the drop time and the flow of 
mercurv render it unnecessary to make a determination of a solu- 
tion of .standard oxygen content for each analysis, which would 
otherwise be necessary in order to be able to make a comparison 
of the values from day to daj'. 

As there should be no temptation to correct the variations in the 
drop time by altering tlie level of the mercury container, it has 
seemed expedient to join it to the capillary, as Avill be seen from 
fig. 3 p. 28. The rubber tubing generally used, and which, more- 
over, represents a groat risk for dirting the mercury, has been re- 
placed by a glass tube, liy the connection seen in fig. 3 between 
capillary and glass tube, the former can be "asily detached, which 
is a great asset when cleaning or changing. The direct fusion, ad- 
vised by IvoLTiioFF and Lingane (1939) would greatly increase 
the difficulty of cleaning. 

Other details with regard to the arrangements for the experiment 
will also be seen from fig. 3. The determination is made with the sample 
in a little tube of 1 ml. volume provided with a 15 mm. long neck, the 
inside diameter of which is fitted to the size of the capillary, so that 
when this is put down into the tube, there is a sufficient layer of the 
liquid between the capillary and the wall of the tube to let the electric 
current pass the liquid without meeting with too great resistance. With 
a capillary of a good 1 mm. thickness the diameter of the neck has been 
made 1." mm. With all the tubes of the same size the conductive power 
will be the same in all the samples of a liquid of such an even composi- 
tion as blood. The conductive power of the solution is in any case suffi- 
cient and cannot be decisive for the strength of the current, which is 
only dependent on the presence of reducible particles, in this case oxy- 
gen, at the electrode. The liquid in the test tube is connected to a sa- 
turated calomel cell by means of a KCl agar bridge as seen in fig. 3. In 
order to obtain tlic different potentials an ordinary potentiometer is 
tised with fi.xcd steps, at every tenth part of a volt. A Lange Multiflcx 
galvanometer is used with an adjusting time of 1 — 2 sec., which is 
shunted with a resistance in order to attain a suitable sensitivity. 
(I unit -= l.aia- 10“' amp.) 

In order to protect the samples from coming into contact with air, 
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■wiicii would produce au increase or decrease of tte gas content, it lias 
not been possible to use paraffin, partly on account of its tendency to 
cut off tbe current, and partly on account of its great solubility coef- 
ficient for gases, thus rendering possible a considerable exchange of gas 
between liquid and paraffin (Looney- and Childs 1934). This is of 
no importance when ordinary blood samples are concerned, but when 
measurmg small quantities of physically dissolved oxygen, paraffin is a 
great source of error. In the above test tube every possible exchange of 
gas with outside air has been avoided by means of the narrow neck 
through which no diffusion can take place within reasonable time. 

If the capillary has been occluded it can usually be made penetrable 
again by blowing gas from a gas-bomb and sucking dichromate-sulfuric 
acid and nitric acid through it. After rinsing with distilled water the 
capillary must be thoroughly dried by warming it over a flame while 
air is being sucked through. If the end of the capillary gets broken or 
if a new capillary is needed, calibration with solutions of known oxygen 
tension will be necessary. 


Physically Dissolved Oxygen as an Expression 
for the Oxygen Tension of the Blood. 

As has already been said, the simultaneous presence of both 
chemically and physically combined oxygen gives rise to such 
complicated conditions in polarographic measurements that it 
seems impossible to arrive at a quantitative determination of 
either the oxygen content or tension directly on blood. The physi- 
cally dissolved oxygen can, however, be determined by centrifu- 
galizing the blood and making tlie measurement in the plasma. 

The quantity of physically dissolved oxygen in the blood is 
trifling (c. 1.3 % of the total amoimt in arterial blood) and has in 
consequence often been ignored as compared with the considerable 
quantity of chemically combined oxygen. It should, however, be 
remembered that the ox 3 -gen passes into the tissues in physically 
dissolved form from the depot in the blood-ceUs, and that in the 
lung it is first dissolved phj'sically before it combines with the 
hemoglobin. In the balance between oxygen tension and oxygen 
content which is given by the oxyhemoglobin dissociation curve, 
the oxj’^gen tension is represented bj'^ the physica% dissolved oxy- 
gen, which, according to Henry’s law, occurs in a quantity directly 
proportionate to the ox}’-gen tension in the gas phase with which 
the blood is in equilibrium. A quantitative determination of the 
physically dissolved oxygen thus implies a possibility of coming to 
a direct expression for the oxygen tension of the blood. 
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For tlif- direct determination of the tension a method has been 
ndoj)T--'d v.diich aims at letting a small bubble come into tension 
equilibrium vdth tlie blond, after which the oxygen content of tbe 
t'i "bul/nle is measured (Krogk 1908, Bap.croft and Kagahasei 

1921, PouLTOx, Srrr.ELL and Warxkr 192G, Meyer 1935, Hick 
193G). The tcclmique is circumstantial, however, and the method 
has therefore been made little use of. Instead, the tension has been 
generallv calculated from the o.vyhemoglobin dissociation curve. 
If tiie calculations are carried out by means of the dissociation 
curve of th.e blood in question, they will be fairly rehable, 
pr.rticularlv in the sphere under 90 % saturation. Above 90 %, 
iiowever, the rise in oxygen tension is so great as compared with 
the increase in saturation that slight errors in its determination 
cause relafivclv great errors in the calculation (cp. Vax Slyke- 
Ihn-ERS 1932).' 

In determining the oxygen tension of the blood by measuring the 
quantity of pliysically dissolved oxj’^gcn iri plasma, the increased 
affinity hetween ox}'gon and hemoglobin at lowered temperature 
must be taken into consideration at the centrifuging of the blood. 
If the temperature is below that of the body, a different posi- 
tion of the equilibrium will appear, in which the physically 
dissolved oxygon will have partly changed into the chemically 
combined foim. In attempts to centrifugalize at the temperature 
of the body a very unwelcome source of error made its appearance, 
however, iii the form of an oxygen consumption of the blood, 
and Ibis was found to exist not only in the presence of blood- 
cells but was quite measurable in plasma free from cells. 

It lias been known for a long time that a shgbt consumption of 
oxygen normally takes place in blood that is kept at the tem- 
perature of tlie body for some hours (Moraavitz 1909, 1910, 
Douglas 1909 — 1910), and also that this consumption increases 
under certain pathological conditions, such as the increased forma- 
tion of ncAv blood (Morar’itz 1909, Harrop 1919, Eoessingh 

1922, Dexecke 1923, Tiptox 1933). That a corresponding con- 
sumption also takes place in plasma seems to have been established 
only under certain conditions, e. g. after treating plasma with ultra- 
violet rays (Harris 1926) or by adding ferricyanide and alkali 
(Parsoxs and P/iRSOxs 1927, Litarczek 1928). When making 
polnrographic determinations this consumption of oxygen makes 
itself noticeable by the decrease in the deflection of the galvano- 
meter, if determinations are made at intervals. At an o.xygen ten- 
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sioD of 150 mm. tWs decrease corresponds to a consumption of c. 
0.002 ml. oxygen per ml. plasma per hoar, wliicli means a fall in 
the tension of a good mm. per minute. As warming and centri- 
fugalizing together require c. 7 — 10 min., an error thus arises 
which necessitates an extrapolation, and this is a great drawback. 
By keeping exact times for these procedures, however, it is pos- 
sible in this manner to form a certain conception oi the oxygen 
tension. Experiments in this direction are not as yet complete, and 
a closer description is not within the frame of this work. 

Attempts to reduce this consumption of oxygen have hitherto 
only been rendered successful b}-- reducing the temperature of the 
blood. As has already been said, however, the centrifugahzation at 
low temperature makes a considerable quantity of the physically 
dissolved oxygen disappear, unless the hemoglobin is fully satu- 
rated with oxygen. In normal cases when inhaHng ordinary air, 
there is never such a complete saturation, but in the experimental 
conditions created when inhaling pure oxygen, as is the case with 
the method above described for the determination of the blood- 
flow through non- ventilated parts of the lungs, the hemoglobin is 
fully oxygenated. Centrifugalization and polarographic reading 
can then take place at 0° C., and consumption of oxygen is thus 
entirely eliminated as a source of eiror. 


Comparison between the Polarographic and the 
Evacuation Method for Oxygen Determination. 

When the hemoglobin is entirely saturated with oxygen, i. e. 
when the oxygen tension is above 150 mm., an analysis of the 
physically dissolved oxygen in blood is made in the following 
manner. 

The blood is injected into one of the test tubes already described and 
which has previously been filled with mercury, all contact with air 
being thus excluded. The mercury which runs out when the tube is 
filled with blood, should be collected in a basin of water so as to prevent 
it from dropping round about. The test tube is then transferred into a 
centrifuging tube, filled with ice water to a suitable height and centri- 
fuged for some minutes. It is then attached to the polarograph and put 
down into a Dewar vessel containing ice water. After two or three 
minutes when it is certain that the temperature has become constant, a 
reading is made of the galvanometer at the potentials where the levels 
above described are to be found, i. e. between — 0.5 to — l.o V. and 
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fQ — I.s y. A determination of the drop time is made in con- 
nection •srith the galvanometer reading at — 0 .~ and — 1.6 V. AVlien the 
polarographic measurement has been completed, an analysis is carried 
out according to the evacuation method on the same sample. The screw 
pipette for the evacuation analyses has been filled wifcli the tip as near 
as possible to the line of demarcation between plasma and the blood- 
coifs, thus eliminating as a source of error in so far as possible the ex- 
change of gases with air. As has previously been mentioned, paraffin is 
only an illmory protection against a similar exchange of gases and 
would, moreover, render cleaning more difficult. 

In table III a number of determinations are compared in Avbich 
blood from varioms normal subjects has been saturated in a 
B.vrcroft’s saturator at a temperature of 37° C. with a known gas 
mi.xture (92. C5 % 0,, 4.45 % CO.). The e.xcess of pressure arising 
in the saturator owing to the warming of the air has not been let 
out, but has been used to inject the sample into the test tube. 

The error of the polarographic method is the same whetlrer 
the reading takes place at — 0.7 V. or at — 1.6 V. and amounts 
for the single determination to 1 % of the value. Hbyrovsky 
(193G) records the error in the quantitative polarographic 
nnaly.se.s to be D %, and in the case of oxygen determinations 
Vitek (1934) maintains 2 %. The greater accuracy obtained in 
this investigation may perhap.s be attributed to the fact that the 
demand for a constancy of the flow of the mercury and the drop 
time lias been more accurately observed. Possibly too the choice 
of the galvanometer is of importance. With a long period of 
swing the variations of the current during the formation of the 
drop are summarized, thus giving the mean current. Occasional 
variations of the drop time are thereby concealed and make 
corrections impossible. When using a galvanometer of a short 
period of swing, as has been the case in this investigation, the 
maximum current is registered which is reached immediately 
before the drop falls, and a reading of the drop time is simul- 
taneously taken. 

The error of the evacuation method is someAvhat greater, 
hut nevcrthclc.ss it is only 2 % of the value registered. Con- 
verted into volume.s and the size of the sample duly taken into 
consideration, the error for a single determination will not exceed 
O.OS c.min. When the nitrogen content of the samples is calculated, 
a .slight .sy.stematic source of error appears. The theoretical value 
for the nitrogen content is 0.00056 ml. pr ml. plasma, and thus 
tluTo is a mean excess of 0.00022. This surplus of nitrogen will 
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Table in. 

Calibration of normal blood. 


1 

! 

j 


Satura- 

tor 

mm. 

oxygen 

tension 

Polarograph * 

Evacuation method 

} 

Date 

Galvanometer 

deflection 

mm. oxygen 
tension per 
galv. unit. 

ml. 

oxygen 
per ml. 
plasma 

Solnbi- 

lity 

coeffi- 

cient 

ml. 
nitro- 
gen 
per ml. 
plasma 

-0.7 Y. 


-0.7 Y. 

ssa 

13.2 

S.B. 

725 

26.8 


27.1 







725 

27.0 


26.9 







725 

27.0 


26.9 







778 

28.2 


27.6 







755 

28.0 


27.0 







761 

28.5 


26.7 





14.2 


728 

27.2 

49.3 

26.8 

14.8 






731 

27.0 

49.0 

27.1 

14.9 




1^ 


756 

28.2 

50.7 

26.8 

14.9 






756 

27.8 


27.2 





19.2 


751 

28.2 

51.8 

26.6 

14.5 

0.0215 

0.0218 

0.0009 



751 

28.5 

52.5 

26.4 

14.8 

0.0212 

0.0215 

O.OOlO 

19.2 

J. P, 

745 

27.7 

49.9 

26.9 

14.9 

0.0207 

0.0211 

O.OOlO 



743 

28.2 


26.4 


0.0212 

0.0217 

0.0006 

20.2 

A.A. 

750 

28.6 

50.9 

26.4 

14.7 

0.0210 

0.0213 

0.0008 



743 

27.8 

51.0 

26.8 

14.6 

0.0208 

0.0213 

0.0006 

20.2 

L.M. 

748 

28.2 

50.9 

26.G 

14.7 

0.0208 

0.0212 

0.0006 



753 

28.S 

50.7 

26.6 

14.9 

0.0210 

0.0212 

0.0010 

20.2 

L.G. 

735 


50.1 


14.7 

0.0208 

0.0216 

0.0009 



755 


51.G 


14.6 

0.0213 

0.0214 

0.0004 

20.2 

S.B. 

748 

28.2 

51.0 

26.6 

14.7 


0.0212 

0.0007 



743 

28.0 

50.7 

26.6 

14.7 


0.0213 

0.0007 

20.2 

B.S. 

740 

27.9 

50.2 

26.5 

14.7 

0.0198 

0.0204 

0.0007 



750 

28.0 

50.7 

26.8 

14.8 

0.0214 

0.0217 

0.0007 








0.0211 

0.02 14 

0.0006 

21.2 

B.G. 

756 

28.5 

51.2 

26.5 

14.8 


0.0221 

0.0005 



740 

28.1 

50.9 

26.4 

14.6 


0.0220 

0.0008 



743 

28.3 

50.5 

26.3 

14.7 


0.0216 

0.0006 

Mean valnc . . . 

• • • 


26.70 

14.70 


0.02142 

0.00078 

Standard deviation . . . 


0.25 

0.16 


0.00038 


1 Standard 

error of the mean . . . 

0.05 

0.04 


0.00009 



* Ono nnit on the scale of the galvanometer = 1,315 x 10~^ amp. The drop 
time at — 0.7 Y. = 5.0 sec., at — 1.6 V. = 3.9 sec. The flow of mercury = 1.40 
mg per sec. 
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:u>n-;.'!r to tlio result of nn admixture of nitrogen during the 
trnn?mi?--ion of the sample to the pipette and tlic remains of 
nitroee!! in the evacuated solutions. As the error is small and 
fairlv constant, no attempt to correct it has been made. 

In Hl'. 30 there is a comparison of a number ot determinations 
at different oxygen tensions showing the linear connection between 
the oxvgen ten.=ion in the saturator on the one hand, the oxygen 
ten'ion of the plasma determined polarographically and hy the 
evacuation method on the other. ‘Wlien converting the last men- 
tioned value.? from tlie galvanometer deflection and o.xygen content 
re.?pectivoly. the average values from the previous series liave been 
used. As will be scon from table IV there is a difference between the 
rcCTe-v-ion coefficients for the values obtained with the polarograph 
and the evacuation method. This difference is small but can \nth 
a probability of only 0.05 be due to mere chance. Comparing the 
dc%datioiis of tlie separate values from those e.xpected, wliich arc 
reprc-sonted by the oxygen tension' of the gas phase, no significant 
difference, however, will appear in cither of the methods. The 
deviation of the separate values in this scries is somewlint greater 
than in the former. The reason for this is partly due to the fact 
that the same ga.s mi.xture has not been used, gas analyses ha\dng 
to be made for each particular sample. The error from the gas 
analysi.?, which may be calculated to be c. 0.3 %, will increase 
the total error. 

The linear connection between the galvanometer deflection on 
the one hand and the oxygen tension in the saturator and the 
oxygen content in the plasma on the other, undoubtedly prove 
that in tiie polarographic determination there really is a specific 
methotl for o.'ygcn. That this specificity is no mere chance in the 
present test, lias been established in a considerable number of series, 
in which the linear connection between current and oxygen tension 
has been regularly obtained. With complete lack of oxygen there 
is practic.aih' .speaking no deflection of the galvanometer until the 
})otential is reached where sodium ions begin to be reduced. 

This last series lias been carried out on plasma, the separation 
of the bloo<i-celIs having thus been completed before the satura- 
tion. Wlicn con\'erting the values of current and oxygen content 
to ten'-ion values, the averages have been u-sed that were obtained 
from the calibration series of blood from normal subjects. Should 
tlie centrifuging cau.se some change in the oxygen content of the 
plasma, ns found by Speitkamp (1939), this should appear as a 
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Oxy^r7 /e/7s/b/7 
/h 6/ooc/ 



Fig. 10 and Table IV. The connection between oxygen tension of gas in saturat- 
or and oxygen tension in plasma determined polarographically and by means 

of evacuation method. 

• oxygen tension by polarograph at — 0.7 V. 

o » » > » » — l.C V. 

a » » 1 evacuation method. 


Table IT. 



Oxygen tension 

in the liquid phase evaluated by; 


Polarograph 

Evacuation 


- 0.7 V. 

- 1.6 V. 

method 

Coefficient of regres- 
sion,. 

0.9794 + 0.0045 

0.9770 ± O.0048 

1.0044 ± 0.0113 

Mean difTcrence from 
the tension in the 
gas-phase (mm.). . 

6.6 + 8.2 

6.1 ± 3.5 

- 6.9 + 7.2 
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(ieviniion of tlic calculated 0 X 3 -gcn tension from that found in the 
snmplf'. This is not, however, the case. 

The evacuation method has the theoretical advantage of maldng 
it possible to isolate the substance to be doteimined, while in the 
polarogrnph only a function of this can be measured, i. e. the 
diffusion velocity. -As a general rule, however, the conditions of the 
blood affecting the diffu.'^ion velocit}', especialh' the content of 
water and of protein.s, are so constant that this function maj' be 
regarded as a quantitative measure. Apart from tlie series of 
determinations on normal subjects, this is also clear from table V, 
wbich shows the results when saturating blood from various pa- 
tients with a known oxj-gen mixture. The difference from normal 
subjects of the values at — 0.7 Y, is not significant, and the 
readings at the second level do not differ more than 1 % from 
the normal values. The determination of the solubility coefficient 
with the evacuation method gives no significant difference. 

In the event of hemolysis a systematic source of error appears 
in consequence of a tendency to raise the first level of the polaro- 
graphic curve. This is seen from table AT where samples have been 
collected in which hemoh'sis had occurred. The rise of the level 
makes itself \nsible in a lower value for the number of mm. oxygen 
that corresponds to one scale unit of the galvanometer. TJie table 
.shows that the rise is highlj’- significant. The readings from the 
second level and the solubility coefficient determined by the 
evacuation method show no certain difference from the normal 
values, 

B}' annlj'sing the variation vritliin and between the groups of 
double tests (Boxxier and Tedix, 19d0) a significant difference 
appears in some cases (solubility coefficient for patients’ blood, the 
polarographic value at — 0.7 V. for normal subjects and at — 1,6 
V. for both groups). As will be seen when examining the tables, 
those individual variations are, however, small and have therefore 
not been considered in the experiments whore the oxygen tension 
has been determined directly on arterial blood. The average values 
from normal subjects have generally been used when converting 
from galvanometer deflection and oxygen content to oxygen 
tension. 

In the polarographic method the determination does not change 
the sample.' This makes the method particularly suitable if the 

' The oxyptn consumption due to reduction of oxygen bv the electric current 
can Ijc calculated in the following manner: According to VItkk’s conception of the 
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Table T. 


Calibration of patients’ blood. 


Date 



Polarograph 

Evacuation method 

Galvanometer 

deflection 

mm. oxygen tension 
per galv. unit 

ml. 

oxygen 
per ml. 
plasma 

Solubility 

coefficient 

-0.7 V. 

-1.6V. 

- 0.7 V. 


23.2 

V.K. 

715 

27.2 

48.7 

26.3 

14.7 


0.0212 


(15)' 


27.7 

48.8 

26.0 

14.8 


0.0212 

23.2 

E.K 


27.0 

48.6 

26.8 

14.6 


0.0210 


(3) 

725 

27.6 

49.0 

26.4 

14.8 

0.0199 

0.0209 

24.2 

E.N. 

, 728 


49.S 


14.8 

0.0204 

0.0218 


(12) 

737 


49.9 


14.8 

0.0209 

0.0216 

24.2 

G.P. 

733 

27.2 

48.1 

27.0 

15.2 

0.0202 

0.0210 


(1) 

733 

27.4 

48.8 

26.8 

15.0 

0.0201 

0.0208 

24.2 

K.A. 

714 

27.0 

48.1 

26.4 

14.8 

0.0199 

0.0212 


(4) 

714 

26.7 

47.6 

26.8 

15.0 

0.0199 

0.0212 

24.2 

S.F. 

728 


48.2 


15.1 

0.0206 

0.0216 

■ 

(14) 

728 


48.3 


15.1 

0.0204 

0.0213 


H.E. 

738 


49.8 


14.8 

0.0205 

0.0211 



738- 


50.0 


14.8 

0.0209 

0.0215 

25.2 

C.C. 

732 


49.8 


14.7 

0.0199 

0.0207 


(2) 

732 


49.8 


14.7 

0.0202 

0.02 10 

Mean value 

Standard deviation 

Standard error of the mean . . . 

Difference from normal blood . . 
P= 

26.50 

0.33 

0.12 

— O.20 
>0.1 

14.86 

0.17 

0.04 

0.16 

>0.01 


0.02116 

0.00026 

0.00006 

— 0.00026 
>0.06 I 


oxygen reduction the equivalent "weight of oxygen is 16. The solubility coefficient 
of plasma for oxygen at 37° is O.0209 and plasma in equilibrium vrith 1 atmosphere 
oxygen contains 0.0209:22.4 = 0.000933 gram molecules pr 1. i. e. 0.000001866 
equivalents pr ml. jFor reduction of this amount O.OOOOOI866 x 96 494 = 0.18 
coulombs are necessary. The polarographicaUy registered current igJJiis sample 
will be 3.74 X lO-c amp. For a reduction of 1 % of the dissolved oxygen in a sample 
of 1 ml. this current must continue for 480 sec. As the polarographic deter- 
mination takes but 1 min. it is apparent that this consumption of oxygen by the 
current does not play any r6Ie as a source of error. 

• Figure between brackets refers to case histories on pp. 60 ff. 

- P indicates the degree of probability that the differences are due to mere 
chance (see Bonkier and Trdin 1940). 
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Tablf ri. 


The effect of hemoh/sis. 


‘ ! 

1 

i 

1 

Iv^ie ' 

! ; 

i 

1 

; Sstcra- 

■ tor 

i mci. 
^oxyjren- 

■ tension 
i 


Polarograph 


Evacuation methodj 

■ Gslvftnomctcr 
: defiectioD 

1 mm. oxvgcn tension 

1 per gnlr. unit 

ml. 

oxygen 
per ml. 
plasma 

Solnbility 

coefficient 

1-O.T V 

- l.C V 

1 - 0.7 V 

1 

- 1.6 V 

20.2iLG. 

iOU 

23.6 


25.7 

14.7 

0.0208 

0.0215 

1 

< 

755 

29.0 

51.6 

23.0 

14.6 


0.02 ir. 

24.2 

72S 

23.5 

49.3 

25.6 

14,8 

0.0204 

0.0213 

1 

j 

737 

2S.6 

49.9 

25.9 

14.8 

0.0209 

0.0216 

24.2!s.F. 

723 

27.3 

48.2 

2G.7 

15.1 

0.0206 

0.0215 

1 

i 

i 

72S 

23.4 

48.3 

25.6 

15.1 

0.0204 

0,0213 

•2o.2iH.E. 

73S 

23.6 

49.8 

25.9 

14.8 

0.0205 

0.0211 

I 

j 

738 

29.0 

50.0 

25.4 

14.8 

0.0209 

0.0215 

2j.2;C. C. 

732 

23.0 

49.8 

26.2 

14.7 

0.0199 

0.0207 

1 

732 

29.2 

49.8 

25.1 

14.7 

0.0202 

0.02J0 

14.2;S.B. 

725 

27.2 


2B.C 




i 

1 

725 

27.9 


26.0 




llcan Viilnc . . 

. . « 

« • • • 

25.89 

14.81 


0.02130 

Standard deviation . , . 

. . . . 

0.45 

0.17 


O.00028 

Standard 

error of the mean . . , 

0.18 

0.06 


0.00009 

Difference from normal blood . . 

— 0.81 

0.11 


— 0.00012 

P. . . . 


• • 


<0.001 

>0.05 


>0.06 


consumption of oxygen by blood constituents is to be followed. 
As has been already statod, this is necessary if the determination 
has to be carried out mth plasma at the temperature of the body. 
Another advantage T^ith the polarograph is that its sources of error 
arc proportionate to the oxygen content, thus making it vastly 
superior to the evacuation method when low oxygen content is 
concerned. In the evacuation method the error has an absolute 
value, which is due to minimal admixtures of gas from the evacu- 
ated solutions and to gas extracted from the liquid in the neck of 
the pipette, which comes into contact with air during the analysis. 

Also when working with blood of high oxygen tension as has 
boon the case in this investigation, the polarograph stands above 
the evacuation method with regard to accuracy as well as to the 
simplicity with which the analyses arc made. With continued con- 
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trol of the flow of mercury and correction to a fixed drop time, 
there is no systematic source of error of such magnitude that it 
can exceed the limits of error already indicated. It is possible to 
obtain a reliable value from one single determination and double 
analyses are unnec3ssary. Concerning the evacuation method on 
the other hand, as is the case with all methods where gases are 
extracted, considerable errors must sometimes be reckoned with, 
owing to the fact that if great care is not taken when manipulating 
the pipette, a small part of the gas bubble can go out through its 
neck or air may slip in the same way. It is therefore never possible 
to draw any conclusion from the single analysis, double ones must 
be carried out. That these most often give consistent results is 
obvious from the series presented in tables IV — ^VI. Sometimes, 
however, far too low values are obtained. 

Ikom certain points of ^dfew it is of minor importance which 
level of the polarographic curve is used for the readings. As was 
clear from the above mentioned series, the accuracy was practically 
identical for both levels. The second level has the advantage of 
being flatter, making slight potential variations of less importance. 
As was seen in the determinations on hemolyzed plasma, more- 
over, the second level is not affected by the hemolysis as was the 
case with the first. On the other hand this is at a satisfactory 
distance from the potential at which sodium begins to be reduced. 
The drop time decreases with increasing potential and it seems to 
be easier to get a constancy of drop time at the lower level. In 
these investigations the lower level has generally been used for 
the determination, the reading at the second level only being taken 
as a control. 

On account of the greater accuracy and simplicity of the po- 
larographic method, the evacuation method has from now on- 
wards only been made use ot now and again. The principal object 
for making use of the evacuation method in this work has been 
for the purpose of controlling the specificity of the polarograph 
when determining oxygen in blood. By using a larger quantity of 
blood for the analyses it may perhaps be possible to come to the 
same accuracy with . the evacuation method as with the polaro- 
graph, but at least 1 ml. plasma would be necessary. In order to 
be able to analyze this quantity there must be a corresponding 
increase in the size of the gas chardber. 

If there are considerable suppbes of blood, it will be possible to 
come to a corresponding accuracy by means of analyses in the 

i~42J33S 
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ordinary YA^■ Slyke-Nkibe apparatus vritK 5—10 ml. plasma. In 
order to be able to carry out a double analysis 25—50 ml. blood 
%nil consequently be required. As the samples should be taken over 
mercury and as the rapid chill'ng and the centrifuging at low 
temperature necessitates special arrangements this method would 
be rather circumstantial. It may bo preferable, however, if there 
is a Yak Sbyke-IseilIi apparatus at hand and its technique 
thoroughly understood. 


Method for the Determination of Admixture of 
Venous Blood to the Arterialized Blood. 

The subject breathes out of a rubber bag attached to an oxygen bomb 
through a Loviu valve -with a tightly fitting mouthpiece. Previous to the 
experiment the hag is flushed a couple of times with oxygen to ensure 
that there is really 100 % oxygen in the inspired air. The first sample 
of alveolar air is taken after 12 min. in an ordinary Haldake pipette 
in a number of fractions towards the end of normal expirations. About 
15 min. after the beginning of the experiment arterial puncture is 
carried out by means of a needle with an exterior calibre of 0.75 — O.o 
mm. which is attached to a glass syringe. This has the advantage of 
being so constructed that the piston moves more easily than in an 
ordinary record syringe and never gets locked. The dead space of the 
glass syringe and the needle is filled with a 1 — 2 % solution of heparin 
in physiological saline. It is well to make the puncture in the arteria 
brachialis just above tbc laccrtus fibrosus. The position of the artery 
is controlled by means of palpation, and to prevent the blood-vessel 
from slipping it is best to press it against the support. No antesthesia 
is necessary when using such a fine needle. As soon as the point comes 
into the blood-vessel the piston begins to move. The size of the blood- 
sample is usually 5 ml. As soon as it bas been taken, a compression 
bandage is applied and the sample is transferred as quickly as possible 
to ice water, whore it is kept until the analysis can he made. The 
c.xperiment concludes with another sample of alveolar air. 

The analysis of alveolar air is made in a Habbane gas analysis ap- 
paratus. In order to avoid all risk of an incomplete resorption of the 
oxygen, it has been found best to confine the size of the sample to 2 ml.; 
this is mixed in the apparatus with 8 ml. nitrogen, which has previously 
been carefully measured. The error of the analyses are reckoned at 
0.3 %, corresponding to a tension of 2 — 3 mm. 

Before determining the oxygen tension the blood must be well mixed 
in the sjuinge by sucking up a little mercury and theu shaking. The 
blood is injected into two of the tubes described along with the 
polarqgraph. These have ptc\'iously been filled with mercury by means 
of which all contact with the air is avoided. The oxygen tension is then 
determined polarographically, as has already been described, and an 
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Fig. 11 . Influence of degree of ventilation on elimination of nitrogen during oxygen 
inhalation. The figures attached to each curve give the amount of the alveolar air 
renewed with each breath. 

analysis of tlie oxygen content of the plasma may possibly be made 
accoiding to the evacuation method. The occurence of hemolysis 
is controlled spectroscopically. 

In order to be able to compare the oxygen deficit of arterial blood 
with the oxygen capacity the hemoglobin content has been determined 
by a Zeiss hemometer, which has been calibrated by comparing its 
value with the oxygen capacity according to Van Slyke. 

"When calculating the oxygen tension, the dilution of the blood that 
takes place by means of the heparin solution in the dead space of the 
syringe must be taken into consideration. When making this correction, 
the value of the oxygen tension found is multiplied with the degree of 
dilution, which is determined by weighing out the dead space. The sy- 
ringe used in these tests had a dead space of O.12 ml. and as the size of 
the sample is 5 ml., the degree of dilution will be I. 025 . As the heparin 
solution, however, is not free from oxygen but can be reckoned to be 
in equilibrium with the oxygen tension of air, a value is subtracted 
corresponding to its oxygen content. This correction amoimts to 6 mm. 

The difference of tension has been converted into content and 
has been expressed in percentage of the oxygen capacity ( = percentage 
oxygen unsaturation). WTien converting oxygen tension to oxygen 
content, the solubility coefficient for blood of O.0230 given by Sendroy, 
Dillon and Van- Slyke (1934) is applied. 

A necessary condition for this method to determine the admix- 
ture of venous blood is that the greatest possible part of the nitro- 
gen is eliminated from the lungs previous to the arterial puncture. 
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TflUle YII. 

.Vsfrt-’';*-?: p-:rcrnicgc in alveolar air ai iniervats aflcr the beginning 

of orggen inhalation. 
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Standard error of the mean . . . 

0.45 
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As vill be seen from fig. 11, under normal circumstances (residual 
air -r- reserve air. c. 3,500 ml., alveolar ventilation 350 ml. per 
breath) 35 — ^10 breaths are required to reduce the nitrogen content 
to 2 %. Thus for normal conditions the 15 min. are more than suf- 
ficient. In ventilation so strongly reduced that only 1/50 of the 
alveolar air is renewed with every fresh breath, approximately 200 
respirations arc required to make the nitrogen content sink to 2 %. 
With a respiration frequency of 15 per min. this concentration 
■will thus be reached in c. 13 min. Such imperfectly ventilated 
parts as these mentioned here can only be met ■with to a limited 
extent. The existence of a still worse ventilated part of the lung 
cannot be excluded under certain pathological conditions, c. g., in 
the case of emphysema, .dls they cannot, however, be considered 
very extensive, and, as there is sufficient oxj’gen in any case to 
entirely saturate the hemoglobin, they arc not calculated to be any 
great source of error. In order to prove the correctness of the above 
calculations, some tests arc shown in table VII, where an addi- 
tional alveolar sample was taken after inhaling oxygon for d min. 
As will be seen most of the nitrogen ■will have been eliminated 
by this time. Furthermore, a comparison between the values 
just before and just after the arterial puncture shows a difference 
generally ammmting to less than 1 %. 

V hen taking a sample of alveolar air in the manner described. 


the OXTGEJI deficit of . AKTEKIAli BLOOD. 


63 



Fig. 12. Influence of variations in oxygen deficit of venous blood on arterial oxygen 
deficit caused by varying amounts of blood, short-circuited past ventilating alveoli 
(% shunt). Left of perpendicular lino hemoglobin vrill he completely oxygenated 
vrhen breathing pure oxygen and deficit of arterial blood can be determined by 
analyBing physically dissolved oxygen in plasma after centrifuging.^ Oxygen 
deficit of venous blood is expressed in ml pr 1. 


the amoirnt of tidal air may be too small to completely wash out tbe 
dead space. Considering tlie values of carbon dioxide, they are often 
under 5 %, while the normal content in the alveoli is c. 5.5 %. 
The error thus arising is most probably less than it would have been 
if the patients had tried without careful training to make such 
deep expirations as are necessary when taking samples of the al- 
veolar air according to the original Haldane technique (cp. Has- 
SELBALCH and LiNDHABI) 1911). 

The deficit of oxygen found in the arterial blood is an expression 
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for a bloo'.i-flo'iv through noii-ventilated parts of the Iimg. In order 
to determine the totoi flo\v passing tlirough similar parts of the 
lunn. it is necessary also to know the ox}*gen deficit of the venous 
blood. The greater this is, the greater will be the decrease in the 
oxygen content of the arterial blood arising through the admixture 
of "venous blood. The diagram in fig. 12 shows the relation of some 
different values of the venous oxxgcn deficit to this admixture. 
It is also expressed by the following formula: 

x*v = a 

(x — non-artcrializcd part of blood-flow, v = oxygen deficit of 
venous blood, a = oxygen deficit of arterial blood). The deficit 
refers to the oxygen content of the fully artcrialized blood, i. c. 
blood in tension equilibrium with alveolar air. 

The perpendicular line on the diagram represents the limit for 
the method given. As wiU be seen by the tests on patients with 
pulmonary diseases, this limit is hardly ever .exceeded. The values 
beyond this (j. c, the surplus of physically dissolved oxygen is not 
.sufficient to fully saturate the hemoglobin of the admixed venous 
blood) are accessible, if an ordinary analysis is made according 
to Vax Slyke. 

IMien experimenting with animals, the deficit of venous blood 
is easil}' obtained by an oxygen determination in blood from the 
right auricle or ventricle. In man it can be obtained by a deter- 
mination of the artciio-venous oxygen difference according to 
Grolwiax's (1932) acetylene method. In its original form, however, 
this method is imsatisfactory when experimenting on pathological 
cases, and in order to torra a conception of the arterio-venous oxy- 
gen difference in these, circumstantial modifications are necessary 
(Nieesex 1937, BERsf:us 1942). Iso attempts have been made to 
carry out similar determinations, but values in various cases of 
illness obtainable from literature have been used when discussing 
the respective cases, With the acetylene method the oxygen 
absorbed by the blood passing ventilated alveoli is determined. 
As this blood comes into complete equilibrium •with tbc alveolar 
air, the arterio-venous oxygen difference calculated from this 
method is equal to the oxygen deficit of venous blood and can 
be used for v in the formula given above. 



APPLICATIONS. 


Determinations of the Admixture of Venous 
Blood on Healthy Subjects. 

Table VIII gives a survey of a series of determinations made on 
healthy subjects of the oxygen tension difference between alveolar 
air and arterial blood during oxygen inhalation. The subject was 
sitting in a deck-chair and there was a short rest of 5 min. pre- 
vious to the test. Apart from this no other standard conditions 
have been followed. 

A sbght deficit of oxygen in the arterial blood compared with 
the alveolar sample is regularly obtained. The carbon dioxide con- 
tent of the alveolar air is in the majority of cases above 5 %, 
and therefore it may be right to assume that the values of 
oxygen tension in the alveolar sample correspond to the true 
alveolar air. 

When breatliing ordinary air a slight tension difference up to 
30 mm. is regularly obtained in man (Barcroitt, Cooke et al. 1920, 
Bock, Dill et al. 1929, Dill, Edwards et al. 1931, Kroetz 1931, 
Kramer and Sarre 1935, Dill, Christensen et al. 1936, Matthes 
et al. 1936, Brinkman and Dirken 1910). While certain authors 
(Krogh 1910, KAoetz 1931, Sarre 1935) in the first place regard 
this difference as being nn expression for the fact that the diffusion 
through the alveolar epithelium is not complete, others maintain 
that it is due to the existence of an irregular ventilation (Haldane 
and Priestley 1936) or to the admixture of venous blood from the 
bronchial veins (EiNippiNG 1935). As has already been analyzed in 
an earlier chapter (p. 11) the first explanation is unlikely, the size 
of the diffusion constant being sufficient to prevent the tension 
difference from exceeding a fraction of a mm. 

Bock, Dill, Edwards, Henderson and Talbott (1929) found 
that even when breathing air of high oxygen content, complete 
saturation of the hemoglobin could not be obtained, which means a 
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greatly increased tension difference. They explained this by assum- 
ing that the hemoglobin molecules most distant from the surface of 
the blood-cells have not time to absorb oxygen during the passage 
of the blood through the capillaries of the lung, and that equilib- 
rium is not brought about xmtil the blood has passed by the ca- 
pillaries. Matthes, Gibebt Quebabto and Malikiosis (1937) 
maintained that complete saturation of the hemoglobin is only 
reached at an alveolar oxygen tension of 300 mm. and this 
imph‘e.s an oxygen tension difference of 130 mm. 
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Tliese last mentioned investigations are not in agreement with 
those presented here. Bock and collaborators determined the 
oxygen tension of the blood indirectly from the hemoglobin dis- 
sociation curve and the degree of oxygen saturation according 
to Yax SlytvE. The accuracj’' of this method Tsithin the sphere 
of almost complete saturation is not satisfactory owing to the 
fact that a fairly large addition to tension causes a slight addi- 
tion to the degree of saturation. Whether the diffusion of 
oxygen to paraffin or the actual oxygen consumption of the 
blood has been able to cause a decrease of the oxygen content 
of the samples, is not clear from the technical statements given. 
3 L 4 .TTHES et al. made their determination by means of absorp- 
tion photometry on an histaminized lobe of the ear. There is 
not sufficient support to prove the absence of oxygen consumption 
in the tissues under their experimental conditions, and furthermore 
it seems doubtful whether the photometric accuracy can be carried 
as far ns the authors consider to be the case. 

In consequence of the conditions under which the experiments 
have been carried out, irregular ventilation or impaired diffusion 
CJinnot have affected the results jirescnted. As the tension dif- 
ference established is due to an admi.'cture of non-nrtcrializcd 
blood, the tests show that tlic size of this admi.xtnrc is small under 
normal conditions. Without being obliged to assume the existence 
of any occluded parts of the lung in healthy subjects, this small 
admixture of non-arterializcd blood may be e.xplnincd anatomicallj’’ 
by the fact that the bronchial veins partly empty themselves into 
the pulmonarj' (3riLLER 190G, 1925, JIathes et al. 1932) or else 
because of the existence of arterio-venous anastomoses (Hayek 
1910). A.S5uming an arterio-venous o.xygen dilference of 60 ml. 
pr 1. (Grollmax 1932) this admixture of venous blood does not 
e-xceed O.G % of the total blood-flow through the lung. 

Apart from the question whether the tension difference found 
rea% is a significative exprcs.sion for a shunting of blood past 
ventilating alveoli, this series seems to represent a decided proof 
that no change takes place in the phj’sicnily dissolved oxj-gen in 
plasma by chilling the blood to zero or by centrifuging. If really 
an adsorption process should appear in vitro, as SpkitKiVMP found 
(1939), this small difference in ox}'gen tension between alveolar air 
and arterial blood would be inconceivable. 



58 


SVIIX M. BERGGREIf. 


Table IX. 

Difference in orj/gen tension between alveolar air and arterial blooa. 
Patients confined to bed but pulmonarihj healthy. 
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Determinations on Patients Confined to Bed. 

Table IX” shows a number of determinations carried out on pa- 
tients confined to bed but pulmonarily healthy. As will be seen, 
the tension difference obtained in several cases is considerably 
liigher than was found in normal subjects. The explanation of this 
increased tension difference may be attributed to the clinically 
familiar signs of atelectasis in the lower part of the lung, which 
appear in the form of fine rales, when a patient in bed takes 
a deep breath. The existence of arterio-venous anastomoses 
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(Hatek 1940) may be another explanation, as through these 
channels the blood in an increased flow may pass the capillaries 
in the alveoli during the complete rest that the lying in bed 
brings about. 

Case 9 showing the greatest difference in the group deserves 
special notice. The patient in question had a moderate arcuate 
Igrphosis in the upper part of the thoracic spine. It seems probable 
that such a deformation of the thorax intensifies the tendency to 
hypo-ventilation in the lower parts of the lungs, which is usually 
looked upon as a predisposition to atelectasis (cp, the discussion 
on the causes of post-operative atelectasis: Coryllos and Birn- 
BAUM 1928 and others). 


Determinations on Patients with Pulmonary 

Diseases. 

The existence of occluded parts of the lung is common in pul- 
monary pathology. Distinction must here be made between pro- 
cesses where occlusion from ventilation is brought about by in- 
filtration in the parenchyma or exudation in the alveolus (e. g. 
pneumonia) on the one hand and the different types of atelectasis 
through obturation of a bronchus or external compression by 
means of e, g. exudation or pneumothorax on the other. A number 
of investigations on the oxygen content of arterial blood have been 
carried out in these conditions, only a small number of which, 
however, clearly illustrate the question of the blood-flow through 
the occluded parts. 

In a disease in which the occluded parts are greatly extended, 
such as pneumonia or acute massive atelectasis, the blood-flow 
through these parts may be expected to be so great that the de- 
ficiency of arterial saturation thus arising dominates the other 
causes. The great deficiency occurring in certain cases of pneu- 
monia has also been interpreted in this manner (Hoover 1918, 
Stadie 1919,BmGER 1928/29), but by other investigators anoxaemia 
has been explained as a result of shallow breathing (Meakins and 
Davies 1921) or else due to an existing pulmonary oedem (Barach 
and WooDWELL 1921). Bor the correctness of the last mentioned 
opinions the effect of oxygen therapy, inter alia, has been referred 
to, which often causes the complete disappearance of the anoxaemia. 

In other diseases in which there are presumed to be non-ven- 
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tilated parts of the lung, such as pneumothora.v, thoracoplasty or 
pleurisv, the result of the determinations of oxj'gen saturation 
varies considerably from case to case and vrith different investiga- 
tors. IMiile ^lEAiaxs and Davies (1925) maintained that a deficit 
of o.vvgen often disappears when pneumothorax has been 
established owing to the fact that badly ventiiated parts then 
collapse and the blood-flow lessens, Lobexz and Wublenweber 
(1532) considered that there is a regular increase in the deficit 
after double pneumothorax has been established. Other authors, 
c. g. Hilton (1925) found now a normal, now a reduced satura- 
tion and did not consider that there is any connection between the 
degree of compression and the pneumothorax age and an existing 
deficit. While Hilton considered that the deficiency of saturation 
is due to a short-circuit of blood through non-ventilated parts of 
the lung, Tukning (1933) supported by experimental tests con- 
sidered that it is due to an impaired oxygen absorption in the 
free lung. 

With the method above described, it is possible to isolate 
one of these causes, i. e. the blood-flow through non-ventilated 
parts of the lung. In order to find out the applicability of the 
method for this clinical problem, determinations have been 
carried out on a number of patients with manifest changes in the 
lungs, especially cases where there has been reason to presume the 
existence of atelectases by obturation or compression. 

Atelectasis through Pleural Exudate and Pneumothorax. 

Case J. Goto P. IG years. Serofibrinous Pleurisy. Taken ill acutely 
21, 1. 12. 3Tith fits of shivering and pain in the side of the chest. After 
•31, 1. the pain disappeared, hut he felt short of breath. On admission 
to ho.spital 2. 2. a thoracocentesis was made on the right side, 1,700 ml. 
exudate were aspirated and 600 ml. air was insufflated. An X-ray 3. 2. 
showed a dense .shadow over the basal parts of the right lung 3 vith 
u .'ilight displacement of mediastinum to the left and a moderate 
pneumothorax (fig. 13), 

Temperature (rectal) 3. 2. 38.3—38.0. Sedimentation rate of 
crjdhrocytcs 13 mra./lir. 

3. 2. 12. Arterial oxygen deficit during oxygen inhalation 285 mm., 
corresponding to 5.3 % unsaturation. A new determination 4. 2. gave 
the values 325 mm. and G.2 % saturation respectively. Arterial oxygen 
content during inhalation of air, lo.i, 15.2 vol.%, oxygen capacity 16.8, 
IG.r vol.%, oxygen saturation 90.5 %. 

17. 2. The arterial oxygen deficit during oxygen inhalation has di- 
minished io 176 mm., corre.sponding to 3.5 % saturation. The patient 
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was tHen afebrile. Sedimentation rate 95 mm./Iir. In tbe meantime 2,800 
ml. exudate was aspirated. 

In this case with a considerable exudation on the right side of 
recent date, a compression of the greater part of the lower lobe 
on tiiis side may be expected. The extent of the atelectatic parts 
■vrill probably amount to 1/4 at most of the total parenchyma of 
the lung. The oxygen deficit found while breathing oxygen in 
determinations taken on two consecutive days is 285 and 325 mm. 
respectively, figures that the mere fact of lying in bed cannot ex- 
plain. Assuming a normal arterio-venous oxygen difference of 60 
ml. pr 1. [According to investigations by inter alia Nylin (1933) 
and Blhhm (1935), the cardiac output is unchanged when one 
lung is compressed by pneumothorax, and therefore there is no 
reason to expect any great deidation from the normal arterio- 
venous difference. This does not seem to be greatly affected either 
by fever (Bjerlov and Liljestrand 1927, Grollman 1932) or 
by the patient being examined in a recumbent position (Groll- 
man 1932)], the blood-flowthrough the atelectatic area will amount 
to c. 15 % of the total. Three weeks later, during which time ex- 
udate had been repeatedly aspirated, the deficit sank to half, an 
expression for a reduction in the size of the atelectasis or its blood- 
flow. 

Case 2. Carola C. 65 years. Hyper-tension -(- Cardiac Incompensation 
with Pleural Transudation. Taken ill in the middle of Jan. 1942 with 
cough, a slight temperature and dyspnoe. On admission to hospital a 
decreased resonance was found over both bases of the lungs with 
weakened breath sounds. X-ray 3. 2. Dense shadows basally within 
both lung areas with a laterally rising border. Central vascular conges- 
tion, heart enlarged (fig. 14). 

6. 3. 42. Arterial oxygen deficit during oxygen inhalation 317 mm., 
corresponding to 5.o % unsaturation. 

The decreased resonance over the bases of the lungs quickly 
disappeared, on 13. 2. the resonance was normal. A second determina- 
tion of the arterial oxygen deficit during oxygen inhalation on 25. 2. 
showed a decrease to 43 mm. or 0.7 % satmration. 

At the time of the examination there was transudation in both 
pleural cavities as the most important manifestation of a cardiac 
incompensation, which had developed in the course of a few weeks, 
thus, in this case as well, fairly fresh changes. The examination 
showed a considerable deficit (317 mm.), corresponding to a blood- 
flow of 10 — ^15 %. Under hospital treatment the transudates dis- 
appeared in about a fortnight, and when determining the oxygen 
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(ieficit unrier oxrgcn brenthing one Tveek later, the deficit had 
practic^illr spealang disappeared and was not higher than cordd 
be attributed solely to the lying in bed. 

Ca^c 3. Erik K. 44 years. Serofibrinous Pleurisy + Pneumothorax. 
Taken ill acutely at the beginning of Sept. 1941. Roentgen examination 
showed a dense shadow on the left side with a rather pronoimced dis- 
placement of the mediastinum. Thoracocentesis with aspiration of fluid 
1—2 times a month, the last time (30. 1. 42) 650 ml. Roentgen examina- 
tion 13. 1. showed an exudate to the level of the eighth rib and collapse 
of the left lung with only a narrow layer of lung tissue visible close to 
the mediastinum. Moderate displacement of the mediastinum, (fig. 15). 

Afebrile for several months. Sedimentation rate 30 mm.hr. 

3. 2. 42 Arterial oxygen deficit during oxygen inhalation 78 mm., 
corresponding to 1.5 % unsaturation. Repeating the determination on 
23. 2. gave 89 ram. orT. 7 % unsaturation. In the meantime aspiration 
of 1,550 ml. exudate in all. Roentgen examination on 7. 3. showed a 
partial re-expansion of the lung. 

This is a case of long standing pleurisy, in wliich the lung was 
practically entirely collapsed for several months owing to exuda- 
tion and pneumothorax. In spite of the fact that this lung is prob- 
ably completely shut off from ventilation the oxygen deficit is 
very small (78 and 89 mm. respectively, corresponding to a blood- 
flow of c. 4 %), which proves that the flow through tliis lung is 
c.xtremcly slight. This case is a striking contrast to the two pre- 
vious ones, both of which, with a smaller atelectasis, had a con- 
siderably greater deficit, and clearly shows the relation between 
the age of the atelectasis and its blood-flow. The pressure on the lung 
exerted by the exudate and the pneumothorax, •which had led to 
a displacement of the mediastinum may also be of some importance 
for the reduction of the blood-fJow. 

Case 4.. Kcr-stin A. 18 years. Pulmonary Tuberculosis -j- Pneumothorax 
-r Emfyema. Tuberculosis of the right lung was diagnosed at the begin- 
ning of 1939. Pncximothorax was established June 1939 and later (June 
1910) an adlicrencc cauterization was made according to Jacob.$:us. 
In Dec. 1911 rise of temperature and pains in the chest. Roentgen ex- 
amination 12. 12. 41. Right lung completely collapsed. Exudate basally 
in the pleural cavity (fig. 16). 30. 12. 41. Thoracocentesis ^vith aspira- 
tion of 900 ml. thick, yellow pus. During Jan. 1942 c. 500 ml. pus was 
aspirated by thoracoccntc-sis once a week. 

Temperature 37. i — 37. a Sedimentation rate 106 mra/hr. 

4. 2. 42. Arterial oxygen deficit during oxygen inhalation 181 mm., 
corresponding to 5 % unsuturation. 
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In this case, too, there is a complete collapse of the left lung, 
which had existed for many months. Compared with the degree of 
collapse, the oxygen deficit is small, though considerably greater 
than in the previous case. 'When attempting to convert the oxygen 
deficit into blood-flow, it must be remembered that the anemia 
in this case has probably caused an increase in the cardiac output 
with decreased arterio-venous difference (Liuesteand and Sten- 
STROSI 1925, Nielsen 1934). The blood-flow can be reckoned as 
being between 10 and 15 %, which means a decrease to c. 1/3 — ^1/4 
of the blood-flow through the left lung compared with a normal 
state. 

Case 5. Gote N. 20 years. Mediastinal Tumor -f- Artificial Pneumo- 
thorax. Difficulties in swallowing since June 1941. On 22- 1. 42 pneumo- 
thorax was established on the right side for the purpose of diagnosis, the 
last filling being made on 5. 2.‘(700 ml. air, final pressure — 5 -f 3 cm. 
water). Roentgen examination showed a tumor-like growth in the me- 
diastinum, just above the diaphragm and not connected with the lung. 
Thoracoscopy on 30. 1. showed a yellow protrusion in the lower posterior 
part of the mediastinum (dermoid cyst). The lower lobe of the right 
lung was partly atelectatic. 

6. 2. 42. Arterial oxygen deficit during oxygen inhalation 291 mm., 
corresponding to 5.4 % unsaturation. 

In this case pneumothorax has probably brought about an ex- 
tensive collapse and a thoracoscopic examination has established 
the existence of fully developed atelectasis of the lower lobe. The 
determination shows a considerable oxygen deficit, though not so 
great as might have been expected if the blood-flow of the lung 
had been unchanged. Assuming en arterio-venous oxygen dif- 
ference of 60 ml./l. the bloo--flow through the atelectatic parts 
is calculated to 15 % of the total. 

Case 6. Ingrid H. 20 years. Pulmonary tuberculosis Pneumothorax 
April 1941 Erythema nodosum. Roentgen examination 30. 4. 41. 
Stripes and spotted shadows in the first and second interstitium of the 
ribs. 24. 1. 42. The shadow had increased in size, centrally a rarefaction 
was seen. Pneumothorax was established on the right side on 16. 2. 42. 
Between 17. 2. — 12. 3. 42- 8 re-fillings of 350 — 500 ml. were made, the 
last day 400 ml. to a final pressure of — 2 -f- 3 cm. water. Roentgen 
examination 9. 3. 42. showed a pneumothorax embracing and compres- 
sing the whole of the right lung. Adherences to the upper lobe. The lower 
lobe atelectatic (fig. 17). 

Afebrile. Sedimentation rate 4 mm/hr. 

13, 3. 42. Arterial oxygen deficit during inhalation of oxygen 365 mm., 
corresponding to 6.9 % unsaturation. 
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Tliorscoscoj)}- in connection witli adherence cauterization a few hours 
liter sho’.red a’complcte atelectasis of the lower lobe. 

This is a case of pneumothorax too, but is of longer standing 
than the previous one. The last fillings ended in positive expiratory 
pressure. The oxi'gen deficit in this case was slightly greater than 
in the aforenamed, and there was reason to suppose that fairly large 
atelectatic areas existed. This was verified some hours alter 
the determination by thoracoscopy, when it was found that the 
lobe was completely atelectatic, which vtU also be seen from the 
roentgen plate. With an arterio-venous oxygen difference of 60 
ral./l. the deficit corresponds to a blood-flow through atelectatic 
parts of 19 % of the total. Besides the atelectatic lower lobe 
there are probably also such areas in the middle and upper lobe, 
the total amount of atelcctatasis thus being estimated to ^/s of 
the right lung, which means that the blood-floow tbrougb these 
areas is decreased by c. 50 %. 

Case 7. Eva K. 13 years. Lym-phadenoma of pulmonary hilum -f Ale- 
Jcclasis -f Pncumolliorax. Erythema nodosum at the beginning of Jan. 
1912, Roentgen examination showed an adenoma of the left hilum and a 
shadow in the parench}’Tna, partly due to atclectasi.s, within the left 
upper lobe, Pneumothorax was established on 9, 2. 42. Between 10. 2. 
and 10. 3. 8 re-fillings of 300 — lOO ml. air, the last time to a final pressure 
amounting to — 1 -f 4 cm. water. Roentgen examination on 17. 3. showed 
a pneumothorax which embraced the lung from the front as well as 
from the hack. The apex of the lung adhered to the wall of thorax. The 
atelectatic part of the upper lobe stood out with increased shade 
(fig. 18 a). 

-Aicbrile, Sedimentation rate 19 mm/hr. 

17. 3. The arterial oxygen deficit during oxygen inhalation 120 mm., 
corresponding to 2.5 % saturation of the hemoglobin. 

1. 4. Thoracoscopy -{- Adherence cauterization. The upper lobe is 
.seen to be completely atelectatic. 2. 4. last ref illin g 200 ml., final pressure 
— 4 -f 4 cm. Rise of temperature first few days after cauterization, 
7. 1, Roentgen examination: Complete collapse of left lung. Medias- 
tinum somewhat displaced to the right. Slight pleural effusion (fig. 
18 b). 

8. 4, 42. ^Vrlerio-venous oxygen, difference during oxygen inhalation 
SOi mm., corresponding to G.s % unsaturation. 

This pneumothorax i.s somewhat older than the previous case 
and was carried through about equally intensely, i. e. to positive 
expiratory pressure after the fiUing.s. The atelectatic part in the 
upper lobe corrosj)onded to the atclecta.sis that was found- at the 
fir.st Roentgen examination. This area was not so widespread 




Fig. 15. Case 3. Serofibrinous pleurisy -with Fig. 16. Case 4. Pneumothorax with 
pneumothorax. empyema. 


Fig. 17. Case 6. Pneumothorax dxt. Atelectasis of lower lobe. 
Bergghbx: The O.xygen Deficit of. Arterial Blood. 





U*. tV.« 10. i’almoniry tubercnlo'is with Fig. 20. Cnso 11. Post-oporntivc ateiccta.sis. 

atf-lt'cta'-is. 
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and was, moreover, older than the atelectasis in - the pre- 
vious case, and these factors will probably explain the much 
smaller arterial oxygen deficit. As regards age, development, lo- 
calisation and genesis, this is. a complete parallel to case 9, apart 
from there being no pneumothorax in the latter. 

Another examination 3 weeks later showed a considerable rise 
in the arterial oxygen deficit. This corresponded to the increased 
degree of collapse shown by the Roentgen plate. Assuming an 
arterio-venous oxygen difference o^^ 50 ml/1., the deficit indicates a 
blood-flow through the atelectatic lung of c. 18 %, thus a decrease 
by , a good 50 %. As shown by the first examination the blood-flow 
through the atelectatic area was rather small. The atelectasis 
which developed between the examinations probably amounted to 
more than half of the parenchyma of the left lung. If the blood- 
flow through the old atelectatic area is considered to be imchanged, 
the flow through the fresh area will be c. 11 % which is a rather low 
value when compared with other cases of atelectasis of the same 
age. As in case 3 this may be due to the high pressure in the 
pleural cavity, causing displacement of the mediastinum. 

Atelectasis through Bronchial Occlusion. 

Case 8. Karl S. 61 years. Bronchial Carcinoma -f Atelectasis. Distres- 
sing cough since auturon 1941. Weight dropped by 8 kg. within one year. 
Roentgen examination 4. 3. 42. Atelectasis of the right upper lobe, 
especially within its anterior and basal-lateral parts. The right hilum 
drawn considerably upwards. Trachea and oesophagus displaced to the 
right. The main bronchus to the right lung is considerably narrowed 
throughout, . and the bronchus to the upper lobe invisible. Bronchos- 
copy oh 5. 3. showed a granulated, easily bleeding tumor at the point 
where the bronchus to the upper lobe begins. 

16. 3. 42. Arterial oxygen deficit during oxygen inhalation 86 mm., 
corresponding to l.c % unsaturation. 

It is not possible to give the exact age of this atelectasis, but it 
is probably several months. The arterial oxygen deficit during 
oxygen breathing appears to be relatively small as compared with 
the size of the atelectasis, and should then support the theory of 
the considerably reduced blood-flow through an old atelectatic 
area. 

Case 9. Ingrid E. 14 years. Lymfhadenoma of fulmonary hilum -f- 
Atelectasis. Taken ill acutely on 24. 1. 42. with fits of shivering, pains in 
the side of the chest and coughing. Roentgen examination 30. 1. 42 
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Flio-td a large infiltration of the parenchjTna in the posterior part of 
th'' nnper lohe %vith a sharp lower border and a pleuritic shadow over 
•etc basal parts. 9. 3. 42. The left-sided infiltration of the parenchyma 
remained unchanged. A considerable atelectasis existed in the left lung 
vrith pcndalujn movements of mediastinum and heart. In the left hilum 
there was an adenoma, compressing the bronchial branches. There was 
.still a slight exudate in the pleura. 

Afebrile. Sedimentation rate 44 mm./hr. 

16. 3. 42. -irterial oxygen deficit during inhalation of oxj-gen 54 mm., 
rorre.'^ponding to 1.1% unsaturation (patient out of bed part of the 
day; sitting in deck-chair during test). 

The age of thi.s atelectasis dates back to the days when the pa- 
tient was taken ill, i. e. 7 weeks before the determination. The oxy- 
gen deficit during oxygen breathing seems small considering the 
age and size of the atelectasis, which may possibly have something 
to do witli the c.xistence of an inflammatory process within the 
atelectatic area. This is probably of tbc type of a perifocal oedem 
round a tuberculous primary infection. Cp. with case 7. 

Cfi.fc JO. Viola K. 31 years. Pulmonary Tuberculosis Atelectasis -f 
Bronchopneumoniae'i . Pulmonary tuberculosis was diagnosed 1922. 
Visited sanatorium repeatedly. Taken ill acutely on 12. 1. 42 with 
temperature rising to 39% pains in the left side of the back and dyspnoe. 
On ndmLs.sion to hospital 14. 1. 42 there was decreased resonance over 
the left lung with weak bronchial breath Bound,which was all but inaud- 
ible below angulus scapulae. Roentgen examinations on 16. and 19. 
•fan. showed a dense shadow over the left lung which contained air only 
in its apical parts. ^Icdiastinum displaced to the left, diaphragm was 
drawn tipward.s. There was probably a considerable fibrosis of the lung 
and some atelectasis (fig. 19). 

Afebrile. Sedimentation rate 45 mm./hr. 

3. 2. 42. Arterial oxygen deficit during inhalation of oxygen 208 mm., 
corresponding to 4.3 % unsaturation. 

23. 2. A second determination showed a decrease of the deficit to 
127 mm., corresponding to 2 .g% unsaturation. Roentgen examination 
.showed an unchanged picture. Afchrilc. Sedimentation rate 22 mm./hr. 

Neither is this case purely atelectatic, but behind the roent- 
genologically don.se shadow there is probably also a bronchopneu- 
monic proee.ss. llie oxj’gen deficit found at the first determination 
oorre.=ponds to a decrease in the blood-flow of the diseased parts 
to c. of the normal. As there wa.s rocntgenologically no 
clearing up of the dense shadow, the diminished deficit found 3 
weeks later points to a succes.sivc decrease of the blood-flow. 

Vafc lj. Sven H. 16 years. Post-operative Atelectasis. 29. 3. 42. Ap- 
pen.lectorny m ether narcods. 31. 3. Temperature rising, pains in the 
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left side of tlie chest. Weak, bronchial breath sound over the base of 
left lung with some small rales, no decreased resonance. Roentgen ex- 
amination; Left diafragm stood high. Diffuse shadow over left base of 
the lung reaching to the fourth interstitium (fig. 20). 1. 4. Temperature 
39.1° C. The bronchial breath sound was heard over the entire lower 
lobe. 

1. 4. 42. Arterial oX}’-gen deficit during oxygen inhalation 380 mm., 
corresponding to 6.c % unsaturation. 

2. 4. Temperature 37.8 Physical examination of the lungs showed no 
change. Arterial oxygen deficit during oxygen inhalation 206 mm., cor- 
responding to 3.5 % unsaturation. 

4. 4. Temperature 36.9. Sedimentation rate 65 mm./hr. Roentgen 
examination: The shadow had completely vanished and the level of 
diafragm was normal. Physical examination showed some rales basally. 
The breath sounds were somewhat harsher on the left side but not 
bronchial in character. Arterial oxygen deficit during oxygen inhalation 
34 mm., corresponding to O.c % unsaturation. 

This case must be regarded as a t}’pical post-operative atelectasis 
of the left lower lobe in which a pneumonic process developed. The 
OX}' gen deficit caused by the blood-flow through this area was rather 
high at the first examination and assuming a normal arterio-venous 
oxygen difference of 60 ml./l. corresponded to a blood-flow through 
the atelectatic and pneumonic area which amoimted to c. 20 % of 
the total. As the volume of the affected lobe constituted c. 25 % 
of the total lung volume the decrease in blood-flow was small. 
The decrease of the deficit to half on the next day may correspond 
to a decrease in blood-flow through the consobdated areas. In the 
gemune lobar pneumonia this successive decrease of the blood- 
flow through the consolidated areas seems to be a rather regular 
process as seen from the decrease in arterial oxygen deficit or from 
the impairment to injection of the vessels (for discussion see Co- 
RY'LLOS and Birxbaum 1929). — After two more days all physical 
and roentgenological signs of consolidation had disappeared and 
the all but normal arterial oxygen deficit is thus in agreement. 

Tlioracoplasty. 

Case 12. Erik E. 61 years. Pidmonarij Tuberculosis Thoracoplasty. 
In 1939 a cavity was found in the right apical region. Thoracoplasty 
was performed with resection of nine ribs on the right side. Roentgen 
examination on 31. 1. 42. The upper two thirds of the left side of the 
thorax showed a satisfactory collapse, diffuse shadow over the lung area. 
There had been no change in the roentgen picture since the operation. 

5. 2. 42. Arterial oxj’-gen deficit during oxygen inhalation 120 mm., 
corresponding to 2.o % unsaturation. 
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3.5 

456 

454 



34 

O.OOlO 


0.6 

627 

627 



120 

0.0036 

18.3 

2.0 




89 

0.0027 


1.6 

541 

542 

0.0154 

555 

62 

0.0019 

15.8 

1.2 




90 , 

0.0027 

11.7 

2.3 

583 

587 


598 

595 

115 

O.0036 

13.0 

2.7 

557 

55.4 


540 

(478) 

252 

0.0076 

18.6 

4.1 




63 

0.0019 

20.3 

0.9 

627 

624 

0.0172 

0.0172 

620 

620 

86 

O.0026 

19.4 

1.3 

593 

586 

0.0151 

0.0157 

543 

566 
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•21. 2. A Fccond determination showed a deficit of 89 mm. cor- 
rJponding to 1.5 % nnsaturation. 

Case 13. Ilclge H. 31 years. Fulmonary Tuberculosis + Thoracophslij. 
Pulmonarr tuberculosis was diagnosed 1935. From 1935 to 1939 pneu- 
mothorax.' Roentgen examination 24:. 1. 42. showed a rarefaction in the 
ri'-'ht apical region. 29. 1. 42. Thoracoplasty with resection of the first 
tlnce ribs on the right side. Roentgen examination 5. 2. showed 
.‘.-atisfactory collapse of the upper part of the limg, the cavity was 
pressed med i ally and downwards. 

Afebrile. Sedimentation rate 19 mm./hr. 

17, 2. 42. Arterial oxygen deficit during oxygen inhalation 62 mm., 
corre.sponding to 1.2 % nnsaturation (patient out of bed part of the 
day sitting in deck-chair during test). 

Case 14. Selma F. 39 years. Pulmonary Tuberculosis -f Thoracoplasty. 
Tuberculo.sis of the lungs since 1932. Roentgen e.xamination on 22, 11. 
41. In the left lung at the level of the clavicle a large cavity. On 5. 12.41 
and 19. 1. 42 thoracoplasty wdth resection of seven ribs. Roentgen 
examination 13. 2. 42 showed a satisfactory collapse of the upper two 
thirds of the left side of the chest. The camty could not be clearly 
distinguished with certainty. 

Afebrile. Sedimentation rate 52 mm./hr. 

24. 2. Arterial oxygen deficit during inhalation of oxygen 90 mm. 
corresponding to 2.3 % unsaturation. 

Case 15, Vera K. 23 years. Pulmonary Tuberculosis -f Thoracoplasty, 
Tuberculosis was diagnosed 1938. Roentgen examination 22. 11. 41. 
Ca-^-it}' in the middle part of the left lung. 1. 12. 41 and 21. 1. 42 thora- 
coplasty with resection of the upper six ribs. Roentgen examination on 
G. 2. showed a satisfactory collapse of the upper two thirds of the left 
.‘■•ide of the chest. The cavity is displaced medially and has diminished 
to one half. 

Temperatme slightly above normal. Sedimentation rate 19 mm./hr. 

25. 2. 42. Arterial ox}'gen deficit during oxygen inhalation 115 mm., 
corre-sponding to 2.7 % nnsaturation. 

Those four cases are in accordance 5vith each other and show 
only slight but nevertheless definite pathological oxygen deficit 
under oxygen breathing. In 3 of the cases the plasty is only about 
one month old and from the fairly insignificant deficit there may 
be assumed to be an absence of any considerable formation of 
atelectasis as a result of the operation. 

The statements made in literature concerning the oxygen content 
of the arterial blood after thoracoplasty are somewhat contra- 
dictory. Certain inve.stigators find normal saturation (Decker 
l9oi, Michaud 1938, Laxibert et al. 1938), while others consider 
it to be moderately decreased (Me Intosii 1935, ICadtreider ct al. 



THE OXYGEN DEFICIT OF ARTERIAIj BLOOD. 73 

1938). That a possible atelectasis iiiight have been the cause of 
the decrease in the oxygen deficit does not seem to have been 
discussed. As will be seen from the cases here described, only a 
small percentage of the deficit in saturation, however, can be ex- 
plained in this manner. 

Experiments on Animals. 

In order to test the possibility by means of the method in ques- 
tion of being able to follow the occlusion of parts of the lung from 


Table XI. 

Experiment 1. S. 10. lei. Pneumothorax dxt: Cat. 


Time 

mm. oxygen 
tension 

Vol. % oxy- 
gen content 

Vol. !S oxy- 
gen deficit 

% Blood- 
flow 
through 
non-venti- 
lated parts 
of the lung 


Al- 

veo- 

lar 

air 

Arte- 

rial 

blood* 

Diffe- 

rence 

Arte- 
riali- 
zed 
blood * 

Ve- 

nous 

blood 

Ar- 

Ic- 

rial 

Vc- 

QOns 

13« 

644 

591 

53 



O.IC 


2.2 


13-0 

655 

597 

58 



0.18 


2.4 


13« 

615 

561 

54 



0.1 G 


2.2 



(95 

% Oj 

4- 5 56 COj in inspired 

lir) 



13“ 









100 ml. air iusnff- 










lated into right 










pleura 

1400 

656 

593 

63 



0.19 


2.C 


14“ 









60 ml. insufflated 

1421 

641 

526 

115 



0.35 


4.7 


1429 









40 ml. insufflated 

14“ 

635 

365 

270 



0.82 


11.1 


15®^ 

632 

353 

279 



0.84 


11.4 


1520 









180 ml. exBuff- 










lated from right 










pleura 

15“ 

665 

518 

147 



0.44 


6.0 


15« 

665 

561 

104 

19.1 

11.7 

0.31 

7.4 

4.2 



Autopsy: Atelectasis around the hilum of the right lung. No atelectasis 
in left lung. 


^ Arterialized , blood = blood that has passed ventilating alveoli i. e. is in 
tension equilibrium vith the alveolar air. 

Arterial blood = mixed blood from ventilating and non-ventilating parts of 
the lung. 
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ventilal ton during the course of a pneumothorax, some experiments 
have been carried out on animals. Pure o.xrgeu has been inhaled 
throutrh a Muller valve. Alveolar tests have been taken in re- 
peated fractions from the end of the expiration through a tube in 
the trachea. The arterial sample has been obtained from a cannula 
in the femoral arterv. A sample of the venous blood has been taken 
cither bv means of a caimula inserted into the right auricle through 
the jugular vein or else by pimcturing the right ventricle of the 
heart. 


Table XII. 

Experiment 2. 17. 10. JtJ. Pneumothorax sin: Cat. 


1 

mm. oxygen 
tension 

Tol. a oxy- 
gen content 

VoLSorj’- 
gen deficit 

S Blood- 
flow 

through 
non-Tcnti- 
latcd parts 
of the lung 


j Time 

Al. 

vco- 

lar 

air 

Arte- 

rial 

blood 

Diffc* 

rence 

Arte- 

riali- 

2Cd 

blood 

Ve- 

nous 

blood 

Ar- 

te- 

rial 

Vc- 

sons 

13“ 

648 

606 

42 



0.13 

5.0* 

2.G 


1410 

658 

633 

23 



0.08 


l.G 


14” 









lOOmhairinsuff- 










latcd into left 










pleura 

14“ 

657 

564 

93 



0.28 


5.G 


14« 









40 ml. insufflated 

14“ 

653 

434 

224 



0.G8 


13.G 


15“ 

656 

455 

201 



O.Gl 


12,2 


15« 









20 ml. insufflated 

15“ 

676 

413 

263 



0.80 


16.0 


16“ 









Exsnfflation 40 










ml. from right, 










20 ml. from left 










pleura 

1G» 

668 

500 

168 



0.51 


10.2 


1G« 

666 

53S 

128 



0.39 


7.8 


17“ 









Inhalation of 










water from the 










Muller valve 

1715 

667 

226 

441 

14.C 

4.8 

l.SS 

9.8 

13.G 

1 


Autojmj; Extended atelectasis of irregular distribution. B.v comparing the 
specific Trcigbt of the ’R-hoie lung, nir-containing parts and atelectatic parts, 
these latter are estimated to be 60 ^ of the total paronch 3 -nia. 


* The nrtcrio-venona oxygen diffcrcnco is calculated to be V« of the total 
capacit}*. 
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Table Xin. 


Expcrvneni S. 1£. S. J^S. Pneumothorax: Babbit 8,000 g. 



mm. oxygen 
tension 

Vol. % oxygon 
content 

Vol. oxy- 
gen deficit 

Blood- 
flow 
through 
non-venti- 
lated parts 
of the lung 


Time 

Ai- 

veo- 

l.ir 

air 

Arte- 

rial 

blood 

Diffe- 

rence 

Artc- 

riali- 

zed 

blood 

Arterial 

blood 

Ve- 

nous 

blood 

Ar- 

te- 

rial 

Ye- 

nouB 



672 

645 

27 




0.08 


1.2 


10'" 




18.5 


11.7 


6.8 



10» 










100 ml. air in- 
sufflated into 
right pleura. 

liu 

611 



18.7 

14.8 

5.8 

3.9 

12.9 

30.2 



672 



17.1 

13.9 

5.6 

3.2 

11.6 

27.6 



Autopsy: liigbt lung completely atelectnlic. AtcleclaBiB around the hilum 
of the left lung. 


Experiments 1 and 2 show how the extension of the atelectatic 
parts gradually increases after establishing a pneumothorax. At 
first the increase is slow, but once a certain limit of the amount 
of insufflated air is passed, the atelectasis formation proceeds more 
rapidly. Experiment 4 shows that Avhen air is insufflated only 
once the atelectasis docs not develop immediately but takes several 
hours. Experiment 6 seems to point to the same thing. 

The successive atelectasis formation made probable by the ex- 
periments above described is in agreement with those carried out 
by Hax.son and Sjostbaed (1935), in which the atelectasis 
was macroscopicnlly determined on rabbits which were killed at 
different intervals after establishing a pneumothorax. It does 
not seem possible, however, to draw any definite conclusions 
from their investigations as to when the occlusion of the 
subscgucntly atelectatic areas took place, instead it was the 
moment when all the air had been absorbed that was deter- 
mined. This absorption takes several hours and can partially 
explain the approximate 6 hours that Hanson and Sjostrand 
found for the completion of the atelectasis formation. It seems 
clear from the above mentioned experiments, however, that this 
absorption does not entirely explain its successive progress. In these 
experiments the point of time for the occlusion from the ventila- 
tion is shown and not the moment for the absorption of the air. 
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Table XIT. 

Expcritncrd 4. IS. 3. 42. Pncumoiliorax: Babbit 2,100 g. 


1 

in in. oxygen 
tension 

Vol. % oxy- 
gen content 

Vol. S oxy- 
gen deficit 

% Blood- 
flon- 
through 
non-venti- 
latcd parts 
of the Inng 


; Time 

{ 

AI* 

TCO-* 

lr;r 

air 

Arte- 

rial 

blood 

DiiTo 

rcrice 

Vc- 

ldoodlblo°d 

Ar- 

te- 

rial 

Ve- 

nons 


i 10‘' 

69S 

095 

102 


’ 

0.31 


4.1 


1 10== 

J 









40 ml. airinsnif- 
Lnted into right 
pleura. 

! 10'= 

680 

450 

230 



0.70 


9.2 


! ip= 

690 

362 

323 

17.4 

9.8 

0.99 

7.C 

13.0 


12 '-- 

6S7 

177 

510 



1.54 


17.8 


12‘”- 




16.4 

7.5 


8.9 



Mfc. 

678 

229 

449 



1.8C 


22.G 


1 14*= 




15.7 

9.7 


6.0 




Autopsy: Eiiensivc atelectasis radiating from the hilnm of the right lung. 
No atelectasis in the left Inng. 


Table XT. 

Experiment 5. 27.10.4l. Open pneumothorax: Babbit, 


! ! 

> ; 

! Time', 

1 ! 

i i 

! i 

1 • 

nun. oxygen 
tension 

Vol. % oxy- 
gen content 

Vol.f^oxy- 

gen deficit 

1 

% Blood- 

flOVT 

through 
non-Tcnti- 
latcd parts 
of the Inng 


Al- 

veo- 

lar 

nir 

“rpi”-- 

blood 

1 

Artc- 

rinli- 

xed 

blood 

Ve- 

nous 

blood 

Ar- 

te- 

rial 

1 

i Ve- 
nons 

1 


1 

622 

1 

yt ' 



-‘I 



0.28 


3.0 


i * 

644 

I 532. 62: 

i 


0 . 19 : 


9.6 

• 

i i 

674 

1 OSa! 89' 

15.8 

8.1 

0.27 

7,7 

3.5 


i 12“ i 

i 1 

f ; 

! ; 

i 13" 

641 

i 1 i 

i ^ 1 

! 342 ; 299 ; 

1 ' ! 

! i i 

1 1 


0.9 J 


lO.G 

Open pneumo- 
thorax dit. Dia- 
meter of the 
opening 2,6 mm. 

i 13» i 

5 


1 

5.5 


8x 

) 

1 


1 13'"' 

641 

1 <150;>.500' 

1 j 


>1.5 

1 

>17.5 


1 14” 

i 

! ) 1 

: 1 1 

I 13.3 j 

' 10.8 

2.5i 

i 1 

1 29.1 j 

i 


Autopsy: Right long almost completely atelectatic. Rather extensive 
atelectasis aroand the hilum of the left Jang (ahout V» of the parenehymn of 
this long). 
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Table XTI. 

Experiment 6. 30. 1. 48. Double pneumothorax: Rabbit. 



mm, oxygen 
tension j 

Yol. % oxygen 
content 

Vol.9^ oxy- 
gen deficit 

% Blood- 
flow 
through 
non-venti- 
lated parts 
jof the lung 

Time 

1 

1 

Al- 
veo- 
lar 
air ; 

Arte- 

rial 

blood 

Diffe- 

rence 

i ' 

Arte- 
riali- j 
zed 1 
blood 

0 a 
0 -< 
O-P 

Ve- 

nous 

blood 

Ar- 

te- 

rial 

Ve- 

nous 

1 

112 “ 

648 



19.3 

16.3 


3.0 


36.6 

1205 

: 677 

113 

562 




IJO 

1 

20.7 

1320 

672 

322 

350 

16.0 


7.8 

1.06 

8.2 

12.9 

1420 

668 

360 

308 




0.93! 


11.2 

1450 




16.0 

1 


7.7 

1 

8.3 


lo^®, 

673 

373 

300 




0.91 


11.0 


During the attempt to expose the right ventricle of the heart before the 
experiment, the pleurae on both sides were lesioned. The openings were im- 
mediately shut and air exsufflated. 

Autopsy: Rather extensive atelectasis radiating from the hilnm in both lungs. 

In the cases in question, moreover, these two points of time all 
but coincide with each other, owing to the fact that the animals 
breathe pure oxygen, which is absorbed much more rapidly than 
the nitrogen which is enclosed in the alveoli when ordinary air is 
breathed (Lichtheim 1879). 

The effect of exsufflation of part of the injected quantity of air 
iviU be seen from the latter part Of experiments 1 and 2. The same 
thing is also illustrated by experiment 6. The regression of the 
atelectasis is at first rapid, but later it seems to proceed slowly. 
The conditions for the re-inflation of an established atelectasis are 
clearly not so favourable as is the case with the foetal atelectasis, 
where a complete inflation with air seems possible by only some 
few breaths. IVlien making roentgenological studies of the regres- 
sion of an experimental obturation atelectasis on dog, Heller 
(1914) found that the greater part of the reinflation could take 
place with a few breaths, when once begun; Before starting, how- 
ever, it could take any time from a few minutes to a couple of 
hours, all according to the age of the atelectasis. The parts round 
the hilum, where the first signs of atelectasis were discovered were 
re-inflated last. Generally speaking, howeveri the regression of the 
atelectasis was a far more irregular process than the formation. 
The conditions for a complete regression of the atelectases in the 


TS 
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above mentioned tests arc naturally not so satisfactory as they 
vre-rc for Heeler., it being impossible to remove all insufflated air. 
This will e?q)lain why the arterial oxj'gen deficit did not reach the 
original values. Tlie autopsy after the experiments showed a re- 
maining atelectasis around the hilum. 


Discussion. 

.•Vs soon as an atelectasis has developed, the majorit}- of experi- 
ments point to a decrease in the blood-flow. From Moore’s (1931) 
experiments the size of tlus decrease may be estimated at c. DO %. 
That there is a continued decrease in this blood-flow with the age of 
the atelectasis is very probable, owing to the atrophy going on in the 
atelectatic parts. This atrophy has been established experimentally 
by weighing atelectatic lungs after a pneumothorax of long 
standing (Haxson and SJoSTEA^*D 1935). MTien examining human 
lungs it is difficult to judge the additional effect of simultaneously 
existing infection and the formation of the connective tissues (Lixn- 
BLOJt 1921). If there is no infection in an atelectatic part there is 
only a slight increase of the connective tissue (Tomascewski 1917, 
Loeschke 1928, Heichel 1933, Adajis et al, 1935) and the lung 
retains its structure thus rendering possible a resumption of the 
function on the suspension of the collapse. 

Few direct attempts have been made to determine the relation of 
the blood-flow with the age. One isolated experiment made by CoR- 
PER and Eexsch (1920), where they observed a decreased colour- 
ing of the lung by a scarlet-red injection after 4 weeks’ pneumo- 
thorax does not throw any definite light on the question. According 
to Sackub’s principle Adams, Hrdina and Hostal (1935) 
found that the blood-flow through the atelectatic lung did not 
show any definite decrease even though the bronchial occlusion 
had lasted as long as 70 days. The determinations were car- 
ried out under artificial breathing with insufflation of air in the 
trachea, and the positive pressure thus arising in the alveoli of 
the ventilated lung must have rendered the blood-flow through 
this lung more difficult and increased the relative blood-flow of the 
atelectatic lung. 

That an atelectasis of long standing and not complicated by in- 
fection can really cause a strong decrease in the blood-flow i.s best 
illustrated in case 3, wlicre there tvas a total collapse of one lung 
through pneumothorax and e.xiidalion, and which had been going 
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on for several months. Cases 8 and 9 witli atelectases caused by 
bronchial stenosis point to the same thing. In case 10 the decrease 
in blood-floxv could be ascertained by comparing two determina- 
tions made with an interval of tlirec weeks. That the age of the 
process intluenccs the existence of an arterial oxygon deficit was 
pointed out already by Hurteh in connection with an acute 
pleurisy with a definite pathological deficit, and a complete com- 
pression of the lung duo to n pneumothorax of long standing with 
e.xudation, showing a normal saturation. Bc.sidcs age the pres- 
ences of an infection (sec cases 9, 10 and 11) or a positive 
pressure in the pleural cavity (cases 3 and 7) may also contribute 
to a decrease oh the blood-flow. 

That this strong decrease in the blood-flow is not, however, a 
process developing already during the first few hours or days after 
the atelectasi.s has begun is obvious from several cases (see cases 
1, 2, 5 and G). It shoidd therefore be possible to follow the de- 
velopment of atelectases with the method described, c. g. during 
the establishment of a pneumothorax. After lca\ing the original 
compre.ssion principle when treating tuberculosis and instead 
aiming at a selective pneumothorax with the preservation of the 
function of the healthy areas (Ascoli 1930, Barlow and ICramer 
1922), it may at least be. of theoretical interest to sec how far this 
aim to avoid an extended atelectasis formation has proved suc- 
cessful. The present method seems in this respect to be able to 
complete the. roentgenological diagnosis, whicli presumes a loca- 
liml atelectasis of none too small an e.xtcnt and is not possible 
for small multiple atelectases, c. g. the pareuch}’matous form 
observed in thoracoscopy by Jacobieus (1934) or the fan-shaped 
atelcctnso.s in the region of the hilum, which, at least, in laboratory 
animals reprc.sent the first stages of the formation of atelectases 
in pnenmothorax (Hansok and Sj().straxd 1935). 

The oxygen deficit in the arterial blood which is established in 
every case with collapse of the lung is naturally not 'only to be 
found in the present ej^orimcntal conditions, but amounts to the 
.same value wlicn inhaling ordinary air. The size of this deficit is 
only in a small number of case.s, however, sufficient to be able to 
be proved by the usual determination of the arterial o.xygen sa- 
turation according to Van Slyke, and this explains why the sa- 
turation in many cnse.s is not considered to be affected by the 
collapse tiicrapy. 

If 92 % is taken to be definitely the lower limit for the normal 
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paturaiion. 5 % (97—92 %) lies Avithin tlie limits that can he due 
to e. g. a different affinity between hemoglobin and oxygen, but 
can just as well be an expression for an admixture of venous blood. 
In order to bring about this reduction of o %, it is necessary for 
about 15 % of the total blood-flow to pass through non-ventilated 
parts. If the blood-flow is reduced to half through an atelectatic 
area, 30 % of the total pulmonary parenchyma might thus be 
atelectatic without causing any decrease in the arterial oxygen 
s.atumtion detectable in an ordinary determination of the ox}’gen 
content. 

Apart from the blood-flow through non-ventilated parts an ar- 
terial oxj'gen deficit may also arise from an imperfect renewal of 
the alveolar air resulting from the changed conditions of ventila- 
tions that the presence of an exudate or a pneumothorax may 
cause. This impaired ventilation is dependent inter alia on the 
stability of the mediastinum and the existence of indurated parts 
which affect the mobility of the surrounding pulmonary tissue. 
As the co-operation of these factors must be extremely different 
in each particular case, it is easy to explain why no imanimous con- 
ception has been formed as to whether collapse therapy causes an 
oxygen deficit or not (Hurter 1912, Le Blanc 1922, LtrNns- 
GAARD and Moller 1922, Hilton 1925, Meakins and Davies 1925, 
Richard ct ai. 1932, Ebina 1932, Lorenz and Wullenweber 
1932, Me Intosh 1935, Christie and Me Intosh 1936, Decker 
1937, Michaud 1938, IL\ltreider et al. 1938, Lasibert et al. 
1938). That already that part of the oxygen deficit, which is 
due to the existence of atelectasis, is subject to great variations 
in each case is illustrated by a comparison between the above- 
mentioned cases. It will be seen that the age of the atelectasis 
as well as its size is decisive for the deficit. 


The Oxygen Content of Arterial Blood vvlien 
breathing Air and inhaling Oxygen. 

In connection with the determination of the oxygen deficit in 
the arterial Wood during oxygen inhalation, the o.xygen content 
of the arterial blood has been determined in some ca.se 3 even while 
breathing ordinary air. Tliosc are intended to show how it i.s pos- 
sible to analyse an cxi.sting oxygen deficit by determining one of 
the factons whicb bring about a deficiency of oxygon saturation 
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in tlie arterial blood, in tliis case tbe admixture of venous blood 
from non-ventilated parts of the lung. 

Case IG. Anna V. 51 years. Cardiac Inconpensation. Vahnilar disease 
vras diagnosed 1910. Since 1937 increasing dyspnoe, since 1939 swollen 
legs and cyanosis. On admission to hospital on 22. 1. 42 the patient 
showed pronounced incompensation, the veins of the neck were disten- 
ded, the edge of the liver was palpated c. 5 cm. below the costal margin, 
dulness on percussion of the flanks, cedem over the sacral region, abun- 
dant moist rfdes over the lungs. Circulation time (decholin test) begin- 
ning 34 sec. max. 70 sec. end 80 sec. Venous pressure above 32 cm. 

12. 2. 42. Slowly recovering, no dyspnoe at rest. Still cyanosis and 
swollen legs. 

Arterial ox}-gen deficit during o.xygen inhalation 252 mm., correspon- 
ding to 4,1 % unsaturation. 

13. 2. Arterial oxygen content while breathing air IG.c, 16.c vol.%, 
oxygen capacity 20.i, 20.2 vol.%. Oxygen saturation 82. c %, 

Compared with a normal saturation value of 95 there is in this 
ensG an arterial deficit of 12.4 % unsaturation. As the deficit 
when inhaling oxygen is 4,i only 1/3 of the normally existing 
deficit can be explained by admixture of venous blood. 

Case 17. Karl J. 59 years. Cardiosclerosis -f- Cardiac Incompensation. 
Heart trouble since 1932 with pains in the chest, palpitations, dyspnoe 
cough, oedem of the ankles. Occasional cardiac asthma. 

4. 3. 42. Pronounced dyspnoe even at rest, some cyanosis, oxygen 
gave liim good relief. 

Arterial oxygen deficit during oxygen inhalation 63 mm., correspon- 
ding to 0.9 % unsaturation. 

Arterial oxygen content while breathing air 13.9, 13.9 vol.%. Oxygen 
capacity 20.3, 20.4 vol.%. Arterial oxygen saturation 68.4 %. 

The patient died a few days later. Autopsy showed chronic stasis of 
most organs, no pneumonia hut congestive induration and hromorrhages 
of the lung. 

This case showed a pronoimced deficit amounting to 95 — 68.4 = 
26. G% unsaturation. Tliis deficit practically disappears completely 
when pure oxygen is inhaled, and only 0.9 % can be attributed to 
an admixture of venous blood. 

Case 1. (see p. 60). 

The oxygen deficit in the arterial blood when breathing ordinary 
air was 95 — 90.5 — 4,5 % unsaturation. Wlien inhaling oxygen 
the deficit was 5.3 and 6.2 %, and explained in this case the 
entire difference. There Avas no other cause for the oxygen deficit 
in the arterial blood Avhile ordinary air is being inhaled. 

6— 421.73S 



Jt. BKKGGRE'T. 
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Cme JS. Ar\-i(l H. 44 years. Pulmonary Emphysema. For 4 years 
distressing drspnoe, especially during the water and B-hen out of doors. 
vSiight cough in the morning.' Eoentgen examination 28, 2. 42. Nothing 
pathological from the lungs except some dense strips in fourth and fifth 
right iaterstitium, against -n-hich some distended bronchi stand out. 
"Afebrile. Sedimenration rate. 2 mm.jhr. 

4. 3. 42. Arterial oxygen deficit during oxygen inhalation 86 mm., 
corresponding to 1.3 % unsaturation {patient out of bed most of the 
day, sitting in deck-chair during test).^ 

Arterial oxygen content vrhile breathing air 18.3 vol.%. Oxygen ca- 
pacity 19.5, 19.3 vol.%. Arterial ox}'gen saturation 94.4 %. 

In thi.s case saturation is practically speaking normal. "When 
determining the oxygen deficit •R'liilc oxygen is being inhaled, a 
small but none the less definite pathological value of 1.3 saturation 
% is obtained. The case illustrates how behind a normal value of 
oxx’gcn saturation a definite pathological deficit can be concealed, 
owing to the difficulty of stating the normal value exactly. The 
deficit can he proved, however, when oxygen is inhaled, owing to 
the uniform composition of the alveolar air and the complete ten- 
sion equilibrium between it and the blood, by , means of whicli 
the normal value can he calculated far more exactly. 

Case 19. Uno E. 27 years. Morbus coeruleus (FAi-tOT’s tetralogy?). 
Vnhndnr disease from birth, the patient has never been able to move 
about like boys of bis own age, has always bad blue lips and cheeks, 
Dy.'pnoe has been increasing for iVt years. 

Status: No dy.spnoc at rest, very pronounced cyanosis, clubbing of 
fingers and toes. Heart: slight voussure, systolic thrill, harsh systolic 
murmur with maximum over left stcrno-clancular joint. P 2 accen- 
tuated. Roentgen e.xnmination: The size of the heart 630 cc. pr sq.m, 
body .surface. Configuration normal, no bulging of pulmonary artery, 
no congestion of the lung. Transposition of aorta. 

4. 3. 42. Arterial oxygen content while breathing air 19.o, 19,05 
%> oxj'gcn capacity SEs vol.%. Arterial oxygen saturation 59,8 %. 
.\Ttorinl oxygen deficit (the normal saturation is assumed to be 95 %) 
31. s X 0.05 — 19.0 =- 11. 1 vol.%. 

Arterial oxygen content during oxygen inhalation 24.3, 21.4 vol,%. 
Calculated value for the oxygen content of blood in lung veins 31. s — 0.7 
(physically dissolved oxygen when saturating blood with air at room 
temperature) ~ 2.i (physically dis.solved oxygen at an alveolar oxygen 
pressure of 692 mm) 33.2 vol.%. Oxygen deficit of mixed arterial 
blood 33.2 — 24.35 == 8.65 vol.%. 

Owing to congenital heart disease, this case showed a maximum 
admixture of venous blood, which doe^s not, however, come from 
non-ventUated parts of the lung, but goes straight from the right 
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to tlie left side of the heart most likely through a septum defect. 
The surplus of physically dissolved oxygen existing when oxygen 
is inhaled is here insufficient to saturate the hemoglobin in the 
admixed venous blood, hut a considerable amount of non-oxygen- 
ated hemoglobin is to be found in the arterial blood even during 
oxygen inhalation. The oxygen deficit, as will be seen from the 
calculations, is almost as -great when breathing ordinary air as 
when inhaling oxygen, and can thus be solely or largely attributed 
to the admixture of venous blood from the right part of the heart 
to the fully oxygenated blood coming from the lungs. 


A comparison between cases 17 and 19 demonstrates in a striking 
manner the different effects of oxygen therapy on two separate 
types of impaired arterial oxygen saturation. The one case prob- 
ably concerns a strongly reduced diffusion capacity through the 
pulmonary epithelium. When there is a high tension difference 
between the alveolar air and the blood, the reduced diffusion con- 
stant will allow a complete saturation of the hemoglobin with oxy- 
gen. In the other it is probable that the blood passing the lung 
becomes normally saturated with oxygen, and oxygen breathing 
cannot affect the oxygen content of the mixed arterial blood, 
except by increasing saturation from 95 to 100 % of the blood 
passing the limg and by the presence of an increased fraction of 
physically dissolved oxygen in this blood. 

In the case of oxygen inhalation, as it is usually carried out in 
the clinics, i. e. Avith the use of nasal catheters or open masks, it is 
not possible to attain a higher oxygen content in the alveoli than 
c. 40 %. In such cases where an arterial oxygen deficit is due to 
diffusion difficulties, this concentration is no doubt satisfactory, 
owing to the extra tension difference of 180 mm. that it creates 
between the alveoli and the blood; the same will be the case when 
the deficit is due to an unsatisfactory ventilation of certain parts 
of the lung. 

In order to be able to achieve something with oxygen therapy, 
where the oxygen deficit is due to an admixture of venous blood, 
attempts must be made to increase the physically dissolved oxygen 
as much as possible, i, e. to raise the oxygen content of the alveolar 
air to such a degree as is possible, bearing in mind the sensitivity 
to high oxygen concentrations of the alveolar epithelium. 



Gonchisioiis. 


The oxvgcn deficit in the urtcrial blood during oX}^gen inhalation 
55 a quai'itit alive expression for the admixture of venous blood 
from non-vontiiated parts of the lungs. Oxygen inhalation practi- 
callv speaking olinunates an inequality in the composition of the 
alveolar air and the arterial deficit due to an impaired diffusion 
through the epithelium of the lung. 

There i.s a surplu.s of physically di.ssolvcd oxygen in artcrialized 
blood during oxygen inhalation, -which is used in the first place to 
saturate the. hemoglobin in the venous blood coming from non- 
ventilaied parts of the lung. By eliminating the chemically com- 
bined oxygen through centrifuging, the physically dissolved oxy- 
gen alone can be determined, thus ensuring an increased accuracy. 
In consequence of the direct connection het-ween the oxygen ten- 
sion and the quantity of physically dissolved oxygen, the deter- 
mination of the latter implies a simple method for the determina- 
tion of the oxygen tension. 

As all hemoglobin appears in oxj^genated form, the blood-cells 
can ho separated from plasma at a low temperat-urc, thus avoiding 
the oxygen consumption existing at the temperature of the body 
in blood or plasma. iSothing has been able to prove the existence 
of an adsorption proce.ss by which the o>;ygen content of the plasma 
could 1)0 decreased by centrifuging. 

B’licn testing plasma, the polarographic current registered at 
— 0.7 Y. and — l.G Y. (as compared with a saturated calomel 
electrode) is a specific expression for the ox^-gen tension and con- 
tent. Tlie current is increased when making polarographic measure- 
ments on blood oAving to the presence of chemically combined oxv'- 
gen. The size of this increase is an exprc-ssion for the dissociation 
velocity of the oxy-hemoglobin and the diffusion rapidity through 
tlie blood-ccll membrane. 

Tiio error of the polarographic method amounts to 1 % of the 
value registered. It is superior to the evacuation method both as 
regard.e accuracy and rapidity. 
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The error of the evacuation method is c. 0.08 c.mm., and 
allows of a determination of the physically dissolved oxygen in 
0.2 ml. plasma. In order to make an analysis of the gases in 
blood with the same apparatus 10 c. mm. blood is required. 

Normal subjects showed an arterial deficit amounting to 11.3 ± 
1.5 mm. when inhaling oxygen, which means that 0.6 % of the 
total blood-flow passes by -ventilated alveoli. 

Patients with healthy lungs confined to their beds showed in some 
cases an increased deficit. This is attributed to a formation of 
atelectasis due to lying in bed. 

A number of determinations have been carried out on patients 
with atelectases caused by compression or obturation. The blood- 
flow through an atelectatic area may be estimated at c. 60 % of 
the normal during the first few days, but will subsequently di- 
minish, in some cases considerably. 

The formation of atelectasis after the establishment of a pneu- 
mothorax has been followed in experiments on rabbit and cat by 
means of repeated determinations of the arterial oxygen deficit. 
It is maintained that there are possibilities of similarly following 
the formation of atelectasis when treating tuberculosis with arti- 
ficial pneumothorax. 

In some cases of heart and lung diseases the arterial oxygen de- 
ficit has been determined when breathing air as well as during 
oxygen inhalation. In this manner it has been possible to calculate 
that fraction of the oxygen deficit which is due to an admixture 
of venous blood from non-ventilated parts of the lung or from 
defects in the wall between the right and left side of the heart. 


6f— 421338 



Suiiimnry. 


In order to i)e able to analyse more closely the arterial 0 X 3 'gen 
deficit existing under man}' different pathological conditions, it is 
desirable to isolate the different factors, which influence the ar- 
terial oxygen saturation (the composition of alveolar air, the dif- 
fusion tti rough the alveolar epithelium, the admixture of venous 
blocKl to arterialized blood). In the preceding chapters a method 
has heen described which render.s it possible to determine that 
part of the deficit due to the blood-flow tlirough non-ventilated 
parts of the lung. Its principle is that during ox}'gcn inhalation the 
oxvgen tension difference between alveolar air and arterial blood 
is flue onl.v to an admixture of venous blood. By inhaling pure 
oxygen and thus eliminating all nitrogen, a uniform composition 
of the alveolar air is obtained, and even within insufficiently ven- 
tilated areas of the lung, the oxygen content will be high enough 
to bring about a complete oxj’gen saturation of the hemoglobin. 
IVith this high o.xvgen tension there will also be an all but com- 
plete oxygen tension equilibrium between alveolar air and blood, 
even wlion diffusion is impaired. The oxv’gen tension of the alveolar 
air can therefore be used as a measure of the oxj’gcn tension of 
blood passing ventilated alveoli. The oxygen tension of the arterial 
l)Iood has been determined by making use of the direct propor- 
tionalitj' between the tension and the amount of physically dis- 
solved oxvgen. The chemically combined oxygen is eliminated by 
centrifuging the blood and tlic analyses are then made on plasma 
where the oxygen occurs only in the physically dissolved form. 

Iwo methods have been used for the determination of physicallv 
dissolved ox\'gen. 

1. The evacuation method, wliich is a further development of 
the manomctric principle for determining gases extracted in va- 
omim, introduced by Vax Slyke and Xeill. Instead of the o—lO 
ml. plasma nece.ssar}' for a determination in their usual apparatus 
onlv 0.2 ml. will be needed. The error for a single determination 
will be 0.04 volume % or 0.08 c.mm. 

2. The polarograpliic method according to Heyrovsky and 
I nLK. At the surface of a mercury drop electrode oxygen will be 
reduced at a certain potential and create a current, the strength of 
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■whicli is directly proportional to the oxygen content. The error 
of this method is half that of the evacuation method or 1 % of 
the value ohtained. 

The evacuation method has cliiefly been used to control certain 
data of the polarographic method. In consequence of the rapidity 
with which the analyses can be performed, the polarographic 
method is the one almost solely used in the experimental and 
clinical determinations. 

MeasurementsS with the polarographic method have also been 
carried out in the presence of chemically combined oxygen. This 
causes an increase of the current, which depends on the dissociation 
velocity of the oxyhemoglobin. The variations found are in agree- 
ment with investigations made by Hartrtdge and Rouohton on 
the kinetics of hemoglobin. 

The elimination of the chemically combined oxygen by centri- 
fuging the blood can take place at 0°, when there exists a surplus 
of physically di-^^solved oxj’gcn, since the increased affinity between 
'ox}*gen and Iieraoglobin, which is caused by lowering the tempera- 
ture, cannot assort itself unless there is hemoglobin in unoxy- 
genated form. By centrifuging at low temperature the consump- 
tion of oxj'gon by the blood need not be taken into considera- 
tion. With the above-mentioned method for determining the ox)'- 
gen deficit of arterial blood caused by non-ventilating parts of the 
lung, there will be a similar surplus of physically dissolved oxygen 
owing to the inimlation of pure oxygen. When some parts of the 
lung do not ventilate, this surplus will be diminished, but 
under most patliological conditions it will still be sufficient to 
bring about a complete oxygenation of the hemoglobin in the blood 
from the non-ventilatcd areas. 

If the oxygen deficit of both venous and arterial blood is Icnowm, 
it is possible to calculate the blood-flow through the non- ventilated 
areas of the lung, a principle first adopted by Saokur. The oxygen 
deficit of venous blood can be obtained from the arterio-venous 
oxygen difference, as determined e. g. in the Grollman method 
for the cardiac output. In this work no such determinations, how- 
ever, arc made, but values from the literature on this subject have 
been used. 

The oxygen tension difference between alveolar air and arterial 
blood during oxygen inhalation in normal subjects is 11 i 1.6 mm. 
With a normal arterio-venous oxygen difference this means that 
0.6 % of the total blood-flow is short-circuited past the open 
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nivcoli. Anatomicalij this blood may come from the bronchial 
veins. 

Patients confined to bed but pulraonarily healthy show in some 
cases a normal difference of oxygen tension, but there ia often an 
increase definitely pathological. This is attributed to a formation 
of jitelcctasi.s, cainsed by the impaired ventilation of the basal parts 
of tfie lung, which comes from lying in bed. 

Patients m'th definite pathological conditions of the lungs often 
slion- great differences in the o.xygen tension between alveolar air 
and arterial blood far exceeding those that can be attributed to 
lying in bed. The investigations have been made chiefly on pa- 
tients with a collapse of the lung due to bronchial occlusion or 
compression from pleural exudate and pneumothorax. Distinct 
connection is found between this difference on the one hand and 
the size and age of the atelectasis on the other. The oxygen tension 
differences point to a blood-flow through an atelectatic part, which 
amounts to about 00 % of the normal during the first days and 
weeks, but afterwards it decreases considerably in some cases. 

As the blood-flow through a recent atelectasis does not seem to 
he decreased by more than about 50 %, it is possible with the me- 
thod described to follow the formation of atelectasis, e. g. in the 
course of a pneumothorax. This has been illustrated by some ex- 
periments on rabbit and cat. After establishing a pneumothorax 
the oxj'gen tension difference by and by increases as a sign of the 
successive formation of atelectasis. By means of this method there 
.seems to be a possibility of following the formation of atelectasis 
in the course of the collapse therapy against tuberculosis. In order 
to be ^^BibIe on a Koentgen plate the atelectasis must be of a cer- 
tain size. Small multiple atelectases, e. g. the parenchymatous 
form described by Jacobjeus are not visible on the Roentgen 
plate. 

In a few cases the oxygen deficit of arterial blood existing when 
breathing ordinary air as well as the deficit that remains during 
the inhalation of oxygen has been determined. As the deficit 
during o.xygen inhalation is due to an admixture of venous 
blood from non-vcntilated parts of the lung (or to blood which 
in some other manner is short-circuited past ventilating alveoli), 
it is in this way possible to calculate that part of the deficit 
during air-breathing which is to be attributed to a similar short- 
circuit. 
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PEEFACE 


Work in tliis laboratory on accommodation and repetitiousness 
in mammalian nerves bad sliovTi that it was necessary to develop 
a new technique for satisfactory control of form and strength 
of the electrical, stimulus in order to obtain an adequate method 
of measuring accommodation. Out of this necessity arose the 
theme of my paper. 

It is a pleasure to record my gratitude to the Director of 
this Laboratory, Professor Eagnae Granit, for constant advice 
and criticism during the experimental work. 

I am also greatly indebted to the physicist of the Neurophy- 
siological Laboratory, Mr T. Helme, for the design of the sti- 
mulator and repeated checking of the apparatus. 

This work has been supported by a Eockefeller grant to the 
Neurophysiological Laboratory as well as by personal grants to 
the author from the foimdation "Therese och Johan Anderssons 
Minne”, “C. A. Nobels fond” and the “Lindahls fond” of the 
Eoyal Swedish Acadeiny of Sciences. 

Stockholm, April 1942. 


Carl Eudolf Skoglund. 




Introduction and Problem. 


The theme of this work is an analysis of the response to linearly 
increasing currents carried out with a technique enabling simulta- 
neous recording of the form of the stimulating current and the 
ensueing response in terms of action potentials in relatively 
isolated motor or sensory fibres. To this end an apparatus was 
built (see below, section on Technique) delivering linearly increas- 
ing currents of strictly controllable gradient and strength through 
the anode circuit of a valve connected to shift the one beam of a 
double-cathode ray in proportion to the current intensity stimulat- 
ing the nerve, while at the same time the impulses in the nerve 
are recorded through an amplifier coupled to the other beam. 
It is a well knovTi fact (see Historical section) that a decreased 
rate of rise of the stimulating current then has to be compensated 
for by. increased current strength. How this fact turns up in my 
experiments is shown by fig. 8 6 and c in which two currents rising 
at different rates are seen to elicit a response which is delayed by 
the slower current by a certain amount. In the latter case it has 
also been necessary to use a stronger stimulus in order to excite. 

Hitherto, in work of this character, a threshold muscle contrac- 
tion has been used as index of an excitatory effect. When records 
have been taken from the nerve, the whole nerve has been put on 
the recording electrode’s as a general check on rhythmicity of the 
discharge. The rate of rise of the current has not been simultane- 
ously recorded and hence it has been impossible both to know 
for each gradient tvliat happens and ivJien it happens, in terms of 
exact current strength at the time when the discharge begins. 
It -will be shown that the information obtainable by the technique 
used in this work is of significance for the elucidation of a number 
of questions regarding "accommodation”, electrotonus and 
"repetitiousness” in different types of mammalian nerves. 

In recent times the most important contribution to the problem 
of "accommodation” has come from Hill and his collaborators 
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(iliLL, 193G, SoLANDT, 1936 a and Katz, 1936). Neglecting for 
the moment the full theoretical baclcgroimd of Hill’s work it is 
sirnplv hnt somewhat schematicall}' described by reference to 
fi". 1 in which the current necessary for a thresbold muscle con- 
traction is plotted in multiples of rheobasic strengtli against a 
factor proportional to the rising time of the current. Tlie figure 
shows these curves to rise linearly but with different slopes. Thus, 
if the curves rise steeply, a relatively greater increase of current 

strength has been necessary to 
compensate for increasing time 
constants of the stimulus along 
the abscissa. According to Hill 
tills may be interpreted as a rise 
in the tbreshold of the nerve 
evoked by the stimulating current, 
a rise which has the further pro- 
perty of continuing exponentially 
during stimulation. Since now one 
of the effects of the slowly rising 
stimulus is to increase the tlireshold 
of e.vcitation it is clear that, unless this rise of threshold is 
compensated for by a stronger stimulus, the latter remains 
5ubthre.slioId. Thi.s "rise of threshold” is a concept synonymous 
with accommodation. 

The uppermost ciuve of fig. 1 has liigh accommodation, the 
curves below it. less accommodation. For theoretical reasons 
Hill uses the inver.se value of the slope, his constant A rather 
than the .slope itself as a measure of accommodation. 

The .significance of this definition of the concept of accom- 
modation lie.s in tlie facts that it is simple and at the same time 
obviou.sly somehow related to the ease with which nerves can be 
made to discharge repetitively. The degree of "repetitiousness” 
nnn preliminarily he defined as a greater or lesser degree of accom- 
modation to the stimulus, and, actually, it has been shown by 
POLAXDT (19.36 a) and Katz (1936) that the .smaller the slope of 
the .accommodation” curve of % ], the easier the nerves dis- 
charge repetitively. Somehow therefore the slope of the curve is 
a nuiisure of to vhal an c.vtent, a nerve “accommodates” to a 
' lack.s tlii.s capacity. An important consequence of 

HILLS work was the demonstration by Solaxdt (1936a) that 



Fig. I. From Solaxdt (193G !>). 
Sec text. 



kerve response to linearly increasing currents. 

the increased irritabilit}* and repetitionsness following removal 
of Ga-ions is accompanied by a decrease of the constant A. 
The results of Solandt with dccitrated nerve or nerve bathed in 
an environment deficient in Ca-ions have been confirmed by 
ScHRiEVER and Cebulla (1938). Solandt (1936 a) has further 
shown that the great differences in the degree of repetitiousuess, 
knovTi to exist with respect to stimulation with continuous currents 
in nerves of different animals (Fessard, 1936), also can be 
correlated with variations of A. 

In work of this character the expcriinoiitcr sooner or later en- 
counters a difficulty inherent in the method by which accommoda- 
tion curves are being measured. This question will be discussed 
with more attention to detail in the Historical section. Suffice it 
here to mention that this difliculty is a direct consequence of 
the mcthodicuil limitations set by the use of a constant muscle 
contraction ns index of the excitatory effect. It was known already 
by V. Kries (1881) and Hoff.mann (1910) that slowly rising cur- 
rents lead to repetitive discharges which greatly modify the size 
and form of the muscle contraction. Hoef.mann noted that the 
muscle action currents then indicated repetitive firing, ns also 
later found by Schiuever and Cebulla (1938). Granit and 
SKOOLtTND (1941) made .similar observations with mammalian 
nerves for which, as a rule, the accommodation curves soon rose 
to a level where they gradually turned round to become hori- 
zontal. At tlie same time the muscle contraction became drawn- 
out and the nerve was found to discharge repetitively. For this 
change the author.s introduced the convenient term "breakdown 
of accommodation”. It is clear that it also means breakdown of 
the index of accommodation. 

In this dilemma there .are two alternatives: either to restrict 
one's meastu’cments to the early part of the accommodation 
curve where it follows a straight line giving the constant A 
or to work out unprejudiced by theory — another index for 
such measurements in terms of what happens in a restricted popu- 
lation of motor or sensory nerves. I have chosen the latter alter- 
native. One of the central themes of this work is an analysis of 
this question which soon was found to require the technical 
development briefly alluded to above. 

At the same time this work has been motivated by a desire 
to develop the points of view .set fortli by Bernhard, Oranit and 
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Skogluxi) fl942) id a paper on breakdown of accommodation 
in relation to nerve as model sense organ. These authors have 
suggested as a working liypothosis that the liigher sense organs 
excite their afferent neurones by means of a "generator” potential 
spreading electrotonically down the axons. From these aspects 
the question as to how nerve reacts to slowly rising currents be- 
comes of particular interest. The nerve so excited also serves as 
nmdel sense organ. 

In support of this Ijypothesis Bernhard, Graxit and Skog- 
LUND have in the first instance drawn upon the results with the 
retina. They point out that "the simpler the retina or the better 
the isolation of components of the response of complex retinae, 
the more definite the evidence for the conclusion that the generator 
mechanism is a slowly rising potential preceding excitation or 
inhibition as the case may be” (see Adrian and ^Iatthkws, 
1927, H.\rtlinr and Graham, 1932, Hartline, 1938, Granit, 
1933, 1938, Granit and Therman, 1935., Bernhard, 1942 a and 
b). That this assumption is reasonable is also emphasized by the 
e.xciting properties of "local” potentials in nerve (Arvanitaki, 
1936, Hodgkin 1938), muscular end-plates (Gopfert and Schae- 
fer, 1937, Eccles, Katz and Kuffler, 1941, Eccles and Kuff- 
LER, 1941), salivary glands (Langenskiold, 1941), spinal neurones 
(Umrath, 1933, Barron and j\Iatthews, 1938). From time to time 
many authors have taken it up in one form or another, among 
them, for instance, Adrian (1932), Barron and JVIatthews 
(1938), Erlanger and Blair (1936) apart from those working 
on the retina. 

If long-lasting discharges are to occur, as a consequence of the 
proposed hypothesis, in response to a generator potential in a 
sense organ, the latter must influence a type of nerve in which 
accommodation on the whole is insignificant. For frog’s nerve it 
has actually been found by Erlanger and Bl.«r (1938) that 
sensory nerves are more repetitive than motor nerves. From the 
recent work of v. Brucke, Early and Forbes (1941) it is, how- 
ever, clear that there are differences between mammalian motor 
and sensory nerves which are not reproduced by bullfrog nerve. 
For this reason, but also in order to obtain quantitative infor- 
mation from experiments with linearly rising currents imitating 
generator potentials --a procedure very different from the one 
used by Erlanger and Blair — it was deemed important to use 
a mammalian preparation, which also in many respects is a stabler 
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and more reliable preparation than the frog. We shall see that 
there are significant differences in the response of mammalian 
motor and sensory nerves to linearly rising currents and that 
these differences are not wholly covered by the simplification now 
known under the term accommodation. The hypothesis inspiring 
these experiments has given an added interest to these differences. 



Historical Section. 


1. Slowly Rising Currents. 

In th(' iutrodticlion it has already been shown above how 
Hill’s accoininodation constant /, can be derived from expeii- 
mentaliy determined accommodation curves. Theoretical deriva- 
tion.s of the time-constant of accommodation have been made by 
Rashkvskv (1933), ’\Ionxier (1934) and Hill (1936). These 
time-constants essentially express the same fact and stand in a 
simple mathematical relationship to each other as well as to the 
experimentally derived constants, as is e\ddcnt from the papers 
referred to. A schematic review has also been given by Schaefer 
(1910). 

In consideration of the special points of view to be emphasized 
in this work in connexion w'ith criticism of the experimental 
methods it is perliaps best to begin by describing the technique 
of Hill and his associates (Solaxdt, 1936 a). They have used an 
apparat us of the type introduced by Laficque (1926). In this 
apparatus, ns is well known, currents with an exponential rise are 
obtained by disclmrging condensers over variable resistances. 
The rising times in msec, are given by tbe product of capacity in 
/fFand the resistance in tliousands of ohms. The rheohase is fir.st 
determined with a tliresliold muscle contraction as index, then the 
current .strength necessary for tlie same threshold when the 
stimuli rise more slowly. In actual practice voltages are being 
measured. The threshold voltages — proportional to threshold 
currents — are divided by the rheobasc and plotted against the 
corresponding time-constants of current rise. The result is a straight 
line the slope of which, as we have seen, is equal to the reciprocal 
of the lime-constant- 7, of accommodation. 

lor the sake of compari.son could be mentioned some other 
variants of the u-se of c.xponcntial current.s. Schriever (1931, 1932) 
htimulate.s with a current strength twice the rheobasc and mea- 
sures the Halhivcrfszcit of tlie exponential rise which tlicn still 
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excites. This rising time he calls EinscMeichzeit. Lapicque (1937 a) 
determines the slowest exponential rise, which at rheobase strength 
.still is capable of exciting, and calls the time-constant of this 
rise seuil de climalysc. 

There have also been a number of attempts to use linearly 
rising currents (c. g. v. Kries, 1884, Lucas, 1907, Fabre, 1927). 

The method introduced by v. Kries may be regarded as the 
])rotot)'pe of Hili/s method, v. Kries obtained linearly rising 
currents by the rheonome technique and measured the voltage 



Pig. 2. From Lucas (1007). Abscissae: duration of current rise to full strength. 

Ordinates: Current strength required for thrcsiiold muscle contraction. 
“The point 15 marks the current strength required to o\-cite when the current 
was turned on instnnlnnconsly by means of a key. I), marks the current strength 
required when the current reached its full value in 0.031 sec. F, the current 
strength required when the current reached its full value in 0.051 see, and so on. 
In other words, the current -variations required to c.xcite arc represented by ABC, 
ADE, AFG ami A1I1. It is clear at once that there is a minimum current-gradient, 
represented by the lino AFK and that any gradient loss steep than this will fail 
to provoke a twitch of the muscle, even thongli the current-strength finalb’ 
ronehed bo considerably increased.” 


ucces.sary for a mitscle contraction. This value divided by the 
rheobase was called excitation quotient and could be determined 
for every rising time. The greater the excitation quotient, the 
greater the accommodation, this quotient therefore being a factor 
proportional to the reciprocal of 
Lucas’s (1907) technique for producing linearly rising currents 
is similar in jjrincijde. He also presents measurements checking 
the linearity of the current which was found to be good except in 
the last phase, of the rise. He also measured threshold current 
strength for different rising times and plotted them against the 
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I itt. r. 0«!ne io the fact that the current gratlients also were 
.I'niv,-!!. li’s n:etlio(l o{ plotting is stiperior to earlier ntethods of 
-•r. - ntins the rci^ults. aiul, ns we shall see, also to later methods. 
In I'.i' cAiierimcnts on toads and frogs Lucas came to the conclu- 
c'u.n tluu th.erc was a "minimal current gradient” below which 
nn stimulus e.-ccited, even if raised to 8 times the rheobase. (For 
d^'tails, ■‘•"ce fig. -). 

F.’.irar, (1031 ji) has used the .came observation — pentclmitc — 
{nr detemnning his own cnnstani Uiicaire which is the rheobase 
vliviilet! bv this threshold current gradient, a time factor which 
ij'. reality is identical with 7.. With both exponentially and 
linearly ri,sing currents one therefore reaches the same end result 
with regard to the time constant of accommodation, as is also 
required bv the theoretical treatments of the problem (sec Hill, 
lOdG). 

AfitT this review of representative work with the different 
methods it sliould, however, be emphasized that the linear type 
of current rise i.*; a more satisfactory instrument in a detailed nnal- 
y.«is of the relation i)otwecn current gradient and excitation. 
Already Lucas (1907) pointed out that the exponential type of 
ctirrent, which l>ad then been used by Gildemeister (1904), was 
tinnece.ssarily complicated since in this case there was no simple 
leintirm between current gradiejit and current strength. Con- 
.nidcring the exponential curve as a Avhole it is clear thsit in order 
to olitain a certain prescribed slope for the "stimulating” part of 
the curve one will be forced to accept an additional amount of 
.slower current rise wliicli can exceed the value necessary for a 
thfc.sliold e.xcitation. Accepting the experimental fact that the 
current gradient i.s an o.ssential factor in the elicitation of tlie 
( xoitntory effect it is obvion.s that the steep part of the e.xponen- 
tial current determines the excitatory effect and that, consc- 
qm-ntly, the later gradually decreasing component is a useless 
arul often no.xious ''over-stimulation”. 

Tiu-re have also been experimental attempts to determine 
which fraction of the exponential current excites. Suzuki (1932, 
!93$) ftir this purpose used a Hei.mholtz pendulum to interrupt 
the e.xponentinl current at any desired moment. The effective 
fractions, the chronaxio.s of the different current gradients, could 
in this way be deferniitied. Thc.se times togctlier with corre.sponding 
current strengths, liis Jkahdtwclkn, were related to the full time 
values of the e.xjKmential ri.'^e as well as to the equivalent Virtwil- 
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schwellen (see fig. 3). Complicated technique and unnecessarily- 
involved calculations characterize this method. If one really 
•were interested in what happens with the exponential tjqie of 
current, direct and simultaneous recording of the form of the 
stimulating current and the action potential, as used below, would 
give the same end result far more; simply and with greater preci- 
sion (see e. g. fig. 20). 

But how very much simpler is not the analysis -with linearly, 
rising currents. The current gradient is constant, and the final 



Fig. 3. Frorri Suzuki (1932). The exponential current ivith the half time value 
of ~ reaches, when the total ri.sing time is I, the threshold strength Va, (Virtual- 
sch-welle). Actuallj’-, however, it has excited already within the time H which 
only corresponds to strength Vg. (Rcalschwclle). The effective part strippled. 

value of the current at the threshold represents effective duration 
whilst the current strength directly gives the Reahchwellen. 

There can only be one explanation of the circumstance that, 
despite this, exponential currents have become the standard 
method in recent times. This is the generally known and often 
admitted fact that from the technical point of view they are so 
easily produced. Linearly rising currents require more elaborate 
preparations. 

A definite technical improvement in the methods of producing 
linearly rising currents was Fabre’s (1927) method of utilizing 
a valve charged by a condenser. It is nevertheless evident from 
his work that the Avhole stimulating current cannot have been 
linear. The same holds good \vith regard to the technique of 
Kahlson and v. AVerz (1936), as pointed out by themselves. 

Full linearity, however, is probably obtained by the Elehtro- 
nmrdhren-Rheonome of Wyss (1940) (paper not available in ori- 
ginal), also based on the principle of discharging a condenser over 
a valve but with special arrangements for eliminating errors due 
to the valve’s characteristic. 

Lanbolt (1941) has used this apparatus in his research and 
also points out that interpretation of the accommodation curves 
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j, hv thv n-f.' nf linoarly risinp curronts, not in the least. 

Iw rltU' lira - annvn from thov curves to the origo of the coordi- 
nflte sv-K-m iej>resent actual current gradients. Lucas’s (1907) 
prc.f.'d’nre of aieually inserting the .stimulating currents Inns not 
hi en used in hi.s work. If tins had been done hi.s intcrjiretntion 
of soine of tlie experimental rc.snlfs certainly would have been 
diff>'renl. 

In In's exjv.-riments, with a threshold contraction of the sciatic- 
g.istrocmnnius preparatio!i of the frog as index, Landoi.t found 



J'i?. -t, I’nisii t.ASiitii.T (It)tt). Iiin fic. 2. Ai.-coinamdntioii curve of typo II. 

ri-iioK tiim") in iiifit'O., ordinnles: current Btrcngtti. Rticolm.«o -- 1, 
The lincB (Irnwn from ori^o to different pnint.s of tlio experimentnllydelerinined 
turve represent current rino not found in the origiiml. See text. 

three types of accommodation curves. Type I is identical with the 
one found hy Lucas and Fauuk with a minimal current gradient 
represented i)y a line, through the origo (cf. fig. 2). But the same 
line also repre.sents u constant current gradient. Therefore, as 
also ])ointed out hy him, the rise above the first value plotted on 
this line (corrospondiitg to point F in fig. 2) must be without 
significance for the excitatory effect. However, the same impor- 
tant argument unfortunately lias been neglected in the inter- 
pretation of the curve of type II vlu’cli is upwards concave! 
If the linearly rising currents are in.scrted (ns I have done in fig. <1) 
one finds that up to rising times of 10 m.scc. the gradients succes- 
sively diminish leading to a corresponding ri.se of the threshold. 
But the longer rising times, from 20 — GO nnsec., as clearly illu.sfcra- 
fed liy fig. 'L again prc.sujipose .stinndation with higher current 
gradients than those used below 10 msec. Accordingly they must 
have elicited contractions long before they had risen to the values 
fmind in I/AKnoi.T’s curves and at any rate could not have caused 
successively rising thresliold.s ns in his pre.sontation of the results. 
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As a matter of fact the real current gradient for 30 msec, on the 
abscissa is identical vsdth the one for 6 msec. Thus Landolt’s 
figure beyond rising times of 10 msec, is a diagrammatic con- 
struction vpithout any physiological significance. Landolt’s 



Fig. 5 a. Diagram showing the method of determining the thresholds ■with cur- 
rents of fixed durations, these being giren by the three abscissae 0, Ti and T,. 
The zero abscissa thus marks instantaneous current rise, or rheohase, requiring 
current strength 1 at Aj on the ordinate. The lines drawn in full represent three 
linearly rising currents. The rheobase and the thresholds for the linearly rising 
currents are marked by the filled circles. 

The rheobase is first determined. Then time Tj is chosen and the three linearly 
rising currents are tested beginning with the slowest one 0 — Excitation does 
not take place until the gradient has been increased to give 0 — Cj, marked by 
filled circle. The next step is to choose a longer duration T., and again try dif- 
ferent gradients beginning with the slowest rise 0 — ^A. which does not excite. This 
time excitation takes place Avith 0 — But it is clear that the next gradient 0 — 
, Cj also must excite. It would then be a mistake to take the point Cj to represent 
the current strength necessary for excitation with this gradient, as the diagram 
shows that it already excited at time Tj corresponding only to strength Cj. 

Fig. 6 b. Diagram showing method of determining the threshold with currents 
of constant gradient and variable strength. Ordinates and abscissae as in fig. 5 a. 

Rheobase Aj. 

The current with the gradient I is increased in steps, c. g. 0 — A, 0 — ^B etc. This 
time, excitation takes place at B. Then the smaller gradient II is tested in steps 
0 — A, 0 — ^B etc. until excitation occurs, this time, at B. 


curve of type III, however, is correct and the successively dimin- 
ishing slope of the accommodation curve confirms results ob- 
tained by, for instance, v. Kries (1884), Schriever and Cebulla 
(1938), Granit and Skoglund (1941). 

Landolt’s instructive mistake with regard to his curve type 
II shows that it is important not to loose sight of the fundamental 
observation that current gradient is the factor determining the 
rise of the threshold. The error is intelligible in view of the method 
he uses. According to fig. 5 a the threshold of excitation is sought 

2— 421282 



CAtJf. KUnOI.P SKOGUrND. 


IS 

,i”,t !.%• strutting vrith a certain current grtulient of subliminal 
h-r.-ncth. Xor only in ‘nis vork but quite generally in Avork of this 
cl'.ararter cnrrent Ftrength is then successively increased until the 
tnrrdmlil contraction appears. But at the same time the current 
irrndient — ovcing to the design of the npp.iratus — is also being 
rdterciL There is nothing to criticise in this procedure as long ns 
the experimenter nil the time is aware of u-hat current gradients 
'ioliiiiiiv have been used in the experiment. If not, he is liable to 
nuike the aforementioned mistake of using a too high current 
gradient when e.xtonding the duration of the stimulus. However, 
there romnins always the objection to tins procedure that the 
experimenter, being unaware of the real current gradients, forces 
too .strong currents through the tissue without the excuse of direct 
ne(X'.««ity. 

It is obviously more to the purpose to use an apparatus for 
linearly rising currents in wliich for any coyistant gradient the 
current can bo driven up to any de.sirablc height (fig. 5 b). Rate 
of rise and strength, in other words, should be independent vari- 
able.s. 

In all the work on accommodation referred to, and independently 
of the manner in which the current has been produced, a inu.scle 
contr.action has served as index of excitation, a somewhat surpris- 
ing fact in view of the development of the clcctricnl recording 
technique. Tfiis is the more remarkable as already v. ICrie.s 
(ISSI) realized that this index is subject to changes related to the 
gr.adiont of the stimulus and thu.s hardly can he the constant 
required by theory. Criticism against this procedure has already 
been .«et forth in the introduction. Hoff.maxx (1910), Ishi.mori 
(1912), Fessav.d (I93G), Schutevkr and CEBunnA (1938), GrjVNIT 
.and Skogi.u.vd (1911), and BERXffARD, Graxit and Skooluxd 
(1912) have all pointed out that slowly rising .stimuli may cause 
repetitive discharges. Both muscle and nerve have been used in 
tiiese papers. BERXHARt), Grakit and Skooluno (1942) have 
developed this ob.servation into a critical discussion of the index 
for which they have al.so relied upon some of the results to be 
published in greater detail in this paper. Their interest in this 
question was cfiiefly to find a more reliable index of the e.xcitatory 
••ffect in order to study breakdown of accommodation in relation 
to nerve as model sense organ. Whether a muscle contraction or 
n composite action potential from nerve or muscle eliould be used 
as measure of tiie constant excitatory effect, is not the relevant 
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point in their criticism. Repetitiousness of firing is just as trouble- 
some \nth the one index as with the other. The important point 
is that the index used should be reliable. We shall see below that 
the methods of this work also eliminate this question of the index. 

Departure of the accommodation curves from the linear form 
has been seen for instance in the work of Gildemeister (1904), 
Laugier (1921), Suzuki (1932), Kahlson and v. Werz (1936). 
However, it is hardly necessary to discuss this question now. It is 
better to retirrn to it in connexion with my own experiments. But 
I shall mention some results by Schriever and Cebulla (1938) 
from experiments on changes of the ionic balance of the environ- 
ment of the frog’s gastrocnemius caused by decalcification. In 
agreement with the results of Solandt (1936 a), the accommodation 
cmve after this treatment was found to take a more horizontal 
course at the same time as the nerves began to react repetitively. 
Yet, the strictly linear accommodation curves, published by 
Solandt, were seen only in exceptional cases and then in non- 
rhythmic nerves with small accommodation constant. In the 
great majority of the curves the rising linear phase successively 
gave room for a part with gradually diminishing slope. Nerves 
giving curves of this type were always found to react more or 
less repetitively. Also L.apicque (1937 b) has emphasized that 
rhythmicity introduces complications. 

Granit and Skoglund’s (1941) similar results -with mammalian 
nerves have already been mentioned. In mammalian nerves there 
was found a regularly recurring hreahdoim of accommodation 
connected with repetitive firing and muscle contractions reminis- 
cent of contractures. Bernhard, Granit and Skoglund (1942) 
demonstrated the same phenomenon when recording the activity 
in restricted groups of motor units with micro-electrodes. Their 
conclusion was that breakdown of accommodation always takes 
place during the time the stimulus is applied, provided that it 
has reached a certain level of strength (often very low in terms of 
multiples of rheobasic strength) and that finally there is so little 
accommodation left that the stimulus always excites no matter 
how slowly it reaches this level. The slope of the curve then becomes 
horizontal. The active units concerned fire repetitively in the 
region above the accommodation curve. 

From ail this work and the criticism levelled against certain 
phases of it, it is clear that the linear course of the accommodation 
curve, predicted by theory, is an abstraction for which there is 
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.‘snrnnientnl foxindntioTi xinlosi^ om' introduces tlic ad hoc 
R-i-ntn|.<;io!i tliRt tiicrc nro qualitative diffeteneos in the reaction 
of the tier-.T. dojseiident upon the gradient of the stimulus, and 
Tt -trjrt« one’s observations to the initial part of the curve. It 
cou!'! therefore seem to he both reasonahlo and necessary to 
lundv-e tiiese questions by means of experiments designed to 
throw light upon the discrepancies referred to, and, to this end, 
to make use of methods leaving more room for demonstration 
and less for inference than those i)nsed merely on observation of 
the ultimate effect, a threshold muscle contraction. 


2. Constant Currents. 

ll'orkof this character is, of course, closely allied with the study 
of tlie effect of cousfant currents, this already because of the fact 
that the typo of stinmlus used, both previously and in this paper, 
implies that the linearly rising current romaius some time at 
the level reached at the moment when e.xcitation takes place. 
With my n})paratus it is actually possible to interrupt the current 
at any moment or to let it gradually slope downwards, brit if 
tills is done the analysis is complicated by "opening tetanus” 
following immediately upon the closing phenomena. For tliis 
reason I too have chosen to let the current continue for some time 
at the jilntcnu level readied at the moment of e.xcitation. For tliis 
choice there is the further motive that a current form of this type 
more closely imitates the generator potentials (see above, Beux- 
Graxit and Skooeuxd, 19d2) which it is one of the pur- 
poses of this paper to imitate. As pointed out above, slowly 
rising potentials, often continuing at plateau heiglit, characterize 
certain sense organs. • 

It i? dear that also from the point of view of accommodation 
tlic effects of constant current deserve do.se attention. The work 
of Duisois-Reymoxd (1819), Pfeugeii (1859) and other exponents 
f<ir classical elect rophy.siology need not here be recapitulated. A 
very good review of the old work hn.s been given by Gotck (1900). 
I shall only mention some recent experiments of particular inte- 
rest for the theme of this investigation. 

'1 he cathodal deprcg,sion following application of a subrheo- 
basic current was studied in an important contribution by 
B.aEAj>nEr. and Bi.aih (1931) by the method of following the course 
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of excitability, consequent upon subrheobasic excitation, with 
test slioclcs at suitable intervals. At the cathode was found the 
well-known decrease of threshold dropping to a stead}’- plateau 
lasting some 1 — 2 msec, and succeeded by an increased threshold. 
This, the (jathodal depression, set in at a relatively fast rate and 
then reached its maximum level more slowdy. The depression would 
make the nerve respond to closure at the cathode with a single 
action potential only. But, as pointed out above, an isolated frog 
nerve may also resjiond repetitively to a rectangular constant 
current, Peluger’s closing tetanus. Gotch (1900) spoke of a 
state of prolonged excitation at closure. Erlanger and Blair 
( 1936) showed that in nerves reacting in this manner the cathodal 
depression developed very slowly or Avas absent. In this manner 
accommodation is related by Erlanger and Bl.ur to the cathodal 
depression. A uniform technique Avith a polarizing current of 80 % 
of the rhcobase and a test shock folloAA’ing after 10 msec, thus 
proAudcs them Avith an objective measure of the degree of cathodal 
depression and thereby of accommodation — in this sense. 

This method A\'as used in the above mentioned exiieriments by 
Erl.\nger and Bl.air (193G) on frog nerve in AS’hich they found 
accommodation, measured by this index, greater in motor than 
in sensory nerA'Cs and also noted a tendency to repetitiousness 
in the latter. This tendency Avas obvious both Avith regard to the 
threshold for repetitiousness and the maximal amount of repeti- 
tion. 

The same method Avas used by Parrack (1940) for the analysis 
of changes of excitability in frog nerA’^e due to changes in the 
external milieu. His index aa'rs the half maximum alpha response 
obserA’-ed on the cathode ray oscillograph. He came to conclusions 
AA’hich with regard to the effect of Ca-ions on accommodation 
Avere opposite to those agreed upon by preAuous Avorkers, quoted 
aboA’e. He also concludes that accommodation measured in 
circulated neiA’-es is negligeable, a rather surprising result in view of 
measurements of accommodation in intact human nerves through 
the sldn (see e. g. Solandt, 1936 a, Granit and Skoglund, 1941), 
measurements Avhich are easily confirmed and ahvays show 
relatively steep accommodation curves. It is therefore improbable 
that his methods and results can refer to the phenomena 
studied by other Avorkers in a different manner. 

Rosenblueth (1941 a, b) has studied the electrotouic changes in 
excitability in myelinated cat nerves, both excised and in situ, and 
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jwiinrs ni!? tluit jurinitiiiilian nerves react repetitively to current 
f^renirtliS from 1..*-- 3 times the rhooliase. He does not in recording 
from nerve differentiate between motor and sensory nejves. The. 
niosf important result of his work, however, is an experimental 
rriticisni of Pn.i’GKn's (1850) simplified scheme of excitability 
chnnovs under and around the stimulating electrodes. Dependent 
iq-H-m .‘-'trofU'th of the stimulating current and the interpolar 
di.stance very eompiox combinations of local troughs of increased or 
decreased excitability appear in both the anodal and the cathodal 
re"inn.s. One is forced to conclude that we do not yet possess 
enouch knowledge about the elcctrotonic excitability changes to 
make a discussion of the .significance of these changes profitable. 
But their complexity makes one hesitate to identify the concepts 
<if accommodation, derived from two as different methods as, 
on the one hand, those of workers using exponential or linearly 
incro.as'ing currents, say, in the manner of Hill and others, and 
the method of Er.bAX’GKii and Blair and Barrack on the other 
hand. 

llic work of Fabrk (1934, 193G a, b, 1938) also indicates a very 
complex state of affairs with regard to excitability changes caused 
by the constant current. Of particular interest is an experiment 
(193G a) in wliich ho compares the method of testing with brief 
shocks in the manner of Erlaxger and Blair with a testing 
method utilizing linearly ri.sing currents. Fabre first demonstrates 
how the excitability, tested wnth single shocks, rises under a 
catclectrotonus and sinks upon interruxition of the constant 
current. Also under an anelectrotonic state there arc opposite 
effects during and after clo.sure of the current. But if then the 
anelectrotonic excitability i.s tc.stcd Antli linearly rising currents, 
Fabre finds that his fcntc limitc falls, i. e. accommodation dimi- 
ni.'^hcs and remaim diminished after interruption of the constant 
current. The same holds good for the rise of the 'pe.nte Iwiite in 
catclectrotonus. The decrease of accommodation in anolectrotonus 
has been confirmed by Shakes (1940). 

Fabre’s view, that excitability tested with slowly rising currents 
refers to a physico-chemical .sy.stem with other properties than 
tliose found when brief test-shocks are used, further empha.sizcs 
the neces-sity for extending a study of the effects of linearly rising 
currents to an analy.sis involving separation of motor and .sensory 
nerves. 

In this review of accommodation a number of problems have 
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Itccn nofilcctecl which only in an indirect manner arc connected 
with the prc.sonf work. ITowever, .some of them will he mentioned 
in conne.xion with the analy.sis of my own re.sulfs. 

One of the quest ion.s dison.ssed in the literature on accommo- 
dation refer.s to whether the time constatit of accommodation 
varies in parallel with the time constant of excitation (chronaxie) 
or not. Supported also hy Soeanot’s (1930 a) experiments and the 
re.sults of Faure (1931 h) Hm.e claims that the two constants 
can viirv independently whereas Lai’Icque (1937 h) holds that 
they vary in parallel. The work of Lie.s.se (1938 n, b) should 
also he snentinned in this eonnexion as supporting ITtEli’s con- 
efu.^ions. SctfiUEVER and fTinur.EA (19.38) present e.xporimcntal 
results in favour of the cnnchision that, the constants undergo 
similar chanues in mm- rhythmic nerves Init hecomo imlepcndent 
in rhytlimic !ierve.‘^. Some paper.‘i on the effect of changes in the 
milieu of the excitable .structure.*; are bettor mentioned in con- 
nexion with rny own re.mdt.*;. 

Both chemical and electrical models have been dc.scribcd in 
attempts to under.'^tnnd the pnwe.sse.s behind accommodation 
(F.ttmE, 1931 b. L.uucquk, 1920, Schriever, 1933, EicituER, 
1939 a, h). For tiiesc the reader i.s referred to the pajiers quoted. 



Toclmiqito and Procedure. 

1. The Stimulator. 

For thr stiinulafor usocl in this work the author is imlchtcd to 
tiie phvsicist of this lahoratory, ilr T. Hklmk. It was designed 
for deliverintr iterated current jndses of variable form and strengtli 
ri'-inc and falling linearly. It is therefore unnecessarily complicated 
f<w this work in which only single stimuli have l)een used. The 
arrangement for automatic iteration, in the part labelled II in the 
diagram of the apparatus (fig. G), was introduced with a view to 
a jdanned extension of the programme. 

Tfie apparatus (fig. G) may schematically he divided into the 
tliree parts marked on tlic diagram. Stimulation is started by 
pre.«sing the contact A whereby the "charging circuit” I puts the 
"stimulating circuit” III into operation, at the same time blocking 
the "discharging circuit” II by means of which the condensers 
of I are. emptied when the contact at A again is broken. The 
stimulation circuit III is activated by the rising charge of the 
variable condenser battery in I removing a block on the grid of 
III at a rate dependent upon the capacities chosen. The prepara- 
tion is thus .stimulated by current from the valve V3. 

T/ic dunging circuit I: In accordance with this principle the 
charging circuit consists of a condenser battery of variable capac- 
ity coupled to a valve (Yj) keeping the strength of the charging 
current constant. This being constant the charging rate is a func- 
tion of the capacity chosen. The charging voltage rising at a con- 
.«tnnt rate charge.s the grid of V3 thus setting up current in III, 
a fraction of which, ns pointed out above, stimulates with the 
rate of rise determined by the factors mentioned. The strength 
of the stimulating current is independently determined by the 
choice of different final potentials in the condenser battery by 
nie.ans of the variable voltage of the anode battery of Yj. Tliis 
redistribution of current in the apparatus loading to stimulation, 
as stilted, is .started manually at A. 
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The discharging circuit 11: This consists of two vnives Avith 
resistances. Vo is the discharging valve. Clo.surc of contact A blocks 
tliis circuit distributing the energy into the channels leading to 
stimulation, as described above. Blocking of H can be stopped 
automatically or by breaking contact A at the moment Avhen the 
potential of the condenser battery in I has been charged to maxi- 



mal potential. In this Avork manual operation of contact A has 
been used tliroughout. At this moment the condenser battery 
discharges into II Avith a linear fall of the stimulating current in 
III AV'hich AAith respect to its gradient is a copy of the rise as shoAvn 
in fig. 7. The circuit can be adjusted so that the fall immediately 
succeeds the maximum of the rise, as in fig. 7 a, or later, after 
any desired time of maximal stimulation at plateau height, as 
in fig. 7 6. This is the tA’pe of stimulus used throughout in this 
work. 

Pigs. 7 c and d illustrate the apparatus operated by an ordinary 
neon-stimulator coupled at B of II. 

The stimulating circuit 111: This consists of a pentode AA'ith 
high internal resistance to compensate for A’^ariations in the pre- 
paration and the electrodes. C is the output. Current strength is 
measured on the ammeter, also inserted in the diagram. For abso- 
lute values the readings are corrected for the resistances in the 
circuit. The shunt of 10.000 ohms, connected to earth, is a Bishop 
compensator (1927) for elimination of shock artefacts. For this 
purpose the leads are also screened and cajpacitively balanced. In 
the lead to the cathode has been placed a resistance of not less 
than 0.1 Mi3. 
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Tlie apparatus described in this section evidently satisfies 
the criteria raised in the Historical section, p. 18. Linearly 
rising currents of any desirable gradient are obtained and for every 
constant gradient chosen the strength of the current can be pushed 



Fig, 7. Some typical current forms given by the stimulator. 


Up to any desirable value. The apparatus can also be worked 
by keeping the duration of the rise constant and varying strength 
and rate of rise. 


2. The Kecording, 

In order to mark the moment of stimulation and to record the 
form of the stimulating current the latter was led from point Din 
the diagram (fig. 6) to a directly coupled amplifier capable of 
shifting the one beam of tbe double cathode ray oscillo^aph. 
With this arrangement the deflexion of the beam could always be 
adjusted so as to enable accurate recording of the form and dura- 
tion of the rising stimulus. However, proportionality between 
the size of the deflexion and the strength of the stimulating current 
was not in the first instance a goal in. these experiments — though 
possible to obtain — since, for this purpose the ammeter in the 
circuit III gave the information wanted. 

The main principle has been not to rely on mere adjustments 
of knobs for production of the stimulating current but in each 
record to measure the form strength and duration of the exciting 
impulse. 

In the first experiments a neon lamp coupled to the 50-period 
A. C. mains was used for time-marking. In some of the figures 
20 msec, are thus marked by spots along the edge of the film. 
Later the beam, recording the stimulating current, was made 
intermittent with the aid of a Philips frequency generator recali- 
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bratcd at the laboratory. Frequencies from 100 — 1 000 iier sec. 
vere used dependent upon the speed of the rising stimulus. Before 
setting the frequency of the generator it was always photographi- 
cally calibrated to the 50-period A. C. mains, and, in addition, at 
the end of long lasting-experiments a further calibration was carried 
cut. The photographic records gave a correction factor by means 
of which the accuracy of time recording was further improved. 

For photography two cameras have been used, one for running 
records on a rolling film of 35 mm bromide paper, the other one 
for standing records of a deflexion of the sweep of the oscillograph. 

For brief rising times of the stimulus it was necessary to syn- 
chronize it with the sweep in such a manner that both beams of 
the cathode ray, the one recording the stimulus the other one the 
impulses through the condenser-coupled amplifier, were carried 
simultaneously once over the screen of the tube. This process was 
reproduced by the camera in the scale 90 X 90 mm. On account of 
the curvature at the edge of the cathode tube some deformation 
takes place in the periphery of the picture but, as this distortion 
affects both beams equally, it is without influence on the measure- 
ments. Deficiencies in the linearity of the sweep become noticeable 
towards the end of the deflexion of the latter, but are, of course, 
immaterial when the processes are related to the time-marking. 
A small correction has been necessary on account of a minimal 
difference in level of the two cathode beams. 

The amplifier for the impulses was 4-stage condenser push- 
pull-coupled, and, as stated, connected to the second beam of the 
double cathode ray oscillograph. 


3. The Preparation. 

For most experiments decerebrate cats have been used; in some 
cases also animals which had received intraperitonea lly 0.4 — 0.5 cc 
Dial Ciba per kg body-weight. The spinal cord has been opened in 
the lumbar region and the sensory and motor roots on one side 
have been dissected free and severed near the cord. The sciatic 
nerve has been severed or ligated just below the knee and a few 
cm of either the peroneal or the popliteal branch have been 
isolated for the stimulating electrodes. As much as possible of the 
rest of the nerve has been left with intact blood supply. WTien the 
saphenous nerve has been stimulated it has been similarly prepared. 
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In experiments witli a preparation of this type the impulses have 
been recorded from either the motor or the sensory root. 

In another type of experiment action potentials have been 
recorded from the tib. ant. muscle which then, as well as possible, 
has been isolated from the rest of the musculature and attached 
to a Browx-Schuster spring myograph. The cat has then been 
fixed in the usual manner with drills through the condyle of the 
femur and the lower part of the tibia. In these experiments the 
sciatic — severed or ligated above the electrodes — has been 
stimulated. 

In all experiments the animal has been in a metal box in which 
high temperature and humidity has been kept up by heating a 
layer of water covering the bottom of the box. The temperature 
of the animal is around 38°, 

The stimulating electrodes have been daily chlorinated silver 
rods, 3 cm x 1 mm, inside a glass tube containing Einger solution. 
Contact to the nerve has been tlirough cotton' -wicks. In these 
experiments polarisation has been negligeable at the current 
strengths employed, as repeatedly has been checked. The electrodes 
have been placed with cathode towards the conducting part of 
the nerve at an interpolar distance of 15 mm. After each experi- 
ment the stretch of nerve from stimulating to recording electrodes 
has been measured on the isolated nerve. The recording electrodes 
for nerve action potentials have been small platinum hooks, Avith 
or Avithout a coA'ering layer of moist cotton, placed at an inter- 
polar distance of about 5 mm. For recording of muscle action 
potentials micro-electrodes consisting of silver pins have been 
used draAvn out with glass to a fine point of about 25 /j,. Recording 
has been monopolar with the micro-electrode stuck into the muscle 
and another electrode on the drill through the bone. 



Results. 


I. Motoi* Nerves. 

1. General Results. 

In the experiments to be described the stimulating electrodes 
have been on the peripheral sciatic, as mentioned in the section 
on Preparation (p. 27), and the recording electrodes on a filament 
of a motor root. 

The advantages of this arrangement are several. The stimulus 
activates a relatively intact and v'ell circulated stretch of nerve 
■which — as the experiments will show — satisfies the condition 
that the results should be repeatable and constant. At the region 
where recording takes place the root filaments can easily be divided 
into highly restricted units. The sympathetic fibres, on account 
of their special properties with regard to threshold and time- 
constant (Wy.ss, 1934), do not enter into the question. 

A^Hien leading off from a filament the response .consists of a 
relatively simple spike of high amplitude. In fig. 8 this spike is 
shown for a number of currents of different gradient and strength, 
marked in the figure text. We need not now discuss the question 
as to whether the spike represents a single fibre or synchronized 
activity in a restricted group of fibres, but may regard it as a 
highly restricted, reproducible unit. The records show how the 
latent period of this spike is lengthened when the rate of rise of 
the stimulating current is diminished. In fig. 8 the strength of 
the stimulus is proportional to the deflexion of the beam recording 
stimulus form. Therefore the figure also shows that the downwards 
decreasing rate of rise of the stimulus, lengthening the latent 
period, is compensated for by ?’7icreasing current strength. Thus 
accommodation is clearly illustrated by this figure. 

The records of fig. 8 have also been selected to emphasize 
some other effects. 
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note in record d that tlie current strength necessary for 
the discliarge of the spike is far below the final value reached 
in this experiment. Thus an unnecessarily strong stimulus has 
been used. Actually a current of a strength corresponding to 



Fig. 8. Leads on filaments of motor roots. Sciatic nerve stimulated. Time in 
20 msec. Spike size about 100 p.V. For each record rising time, final current 
strength, latent period and strength at latent period are as follows: 
a: 6 msec. 28 u-A. 5 msec. 24 pA. 

h: 15 msec. 40 pA. 12 msec. 32 pA. 

c: 35 msec. 52 pA. 27 msec. 40 pA. 

d: 120 msec. 120 pA. 60 msec. 60 pA. 

e: 200 msec. 170 pA. 120 msec. 102 pA. 

that reached at the moment of discharge ■ — or even a little 
below it would have been sufficient. In the next record 
(c), vherc at a given gradient the stimulating current has 
been allowed to rise still further, one can see that this addi- 
tional increase of stimulus strength by no means is negligeable 
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from tlie point of view of nerve excitation. As long as the 
rise is continued the nerve responds iteratively, as also predicted 
by Hill’s theory. This phenomenon can be seen at aU.- gradi- 
ents though in this case merely illustrated at the slowest rate 
of rise. We shall return to it below. However, by properly 



Fig. 9. Stimulation of .sciatic nerve with successively slower gradients rising 
to the same final value. Time in 20 msec. Rising time, final current strength, latent 
period and .strength at latent period are as follows: 
a: 80 msec. 120 [i.A. 35 msec. 53 p.A. 

b: 120 msec. 120 jiA. C5 msec. Co pA. 

c: 170 msec. 120 p.A. 100 msec. 70 [xA. 

d; 200 msec. 120 pA. 115 msec. 70 pA. 

adjusting the stimulus the motor nerve may be made to dis- 
charge a single .spike, also to very slowly rising stimuli, as 
shown by record d of fig. 9. 

In fig. 9 a different experimental principle has been followed. 
The final value to which the current has been allowed to rise has 
been kept constant. This constant strength has been chosen to 
correspond to the activation of a single spike at the slowest gra- 
dient. The gradients rise from below upw’ards. Thus the threshold 
is exceeded in the same direction, for each record by a greater 
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amount, supra threshold excitation bcin<r maximal in a where the 
‘Tadient is maximal, frequency of repetition increases in the 
.same direction. Somewhat in this manner a generator potential 
in a sense organ might increase its effect b}' a variation of its rate 

of ri.se. , , 

Again in fig. 10 the gradient has been kept constant in all 
records but the final strength of the current has been increased 








Fig. 10. Stimulation of sciatic nerve with stimuli of constant gradient rising to 
different strengths. Time in 20 msec. Marked ns in figs. 8 and 9. 

a: 80 msec. 100 pA. GO msec. T.G [i.A. 

b: 100 msec. 124 (aA. 00 msec. 75 |aA. 

o: 1.30 msec. IGO [aA. 58 msec. 72 jaA. 


from a to c. In a a current strength of 100 inicroamp. has just 
been a little above the strength necessary for a spike at a latent 
period of 60 msec. In 6, at the same gradient, the nerve discharges 
after the same latent period. But the increase of stimulus .strength 
from 100 to 124 microamp. has led to three additional spikes. 
The same principle is illustrated in record c showing a further 
increase in current strength, to 160 microamp.: practically 
unaltered latency of the first threshold spike and iteration during 
the rising phase of the current. 

These experiments serve to illustrate the principle of the method 
of determining the threshold that 1 have used for the plotting 
of accommodation curves. The duration of the rise of the stimulat- 
ing current is obtained from the photographic records, and the 
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final strength of it is read from the ammeter. The stimuli are then 
plotted in a coordinate system with duration as abscissae- and 
strength as ordinates (fig. 11). From the origo to these points are 
drawn the straight lines corresponding to the different rates of 
rise of the stimuli. Upon each rising stimulus is inserted the value 
for the latent period of its first impulse. The points so obtained are 



Fig. 11. Showing how nn accommodation curve (motor fibres) is plotted. Or- 
dinates: absolute current strength in microamp. Abscissae: rising times in msje. 
The thin lines from origo represent the rising stimuli. These are first drawn and 
then the latent periods, marked by filled circles, are inserted on the stimuli. The 
points arc joined by a thick line. 

joined by a line as illustrated by fig. 11. These points, given by 
the latent periods and combining to the accommodation curve, 
represent ordinates just around the current strength necessary 
for the first spike. Below in chapter 2, when separately presenting 
results for very brief stimuli, I shall return to the question of the 
significance of this ordinate. 

This method of determining the thresholds necessary for the 
accommodation curve offers great advantages, apart from being 
more accurate than any method hitherto used. In experimental 
practice the results are quickly and simply obtained by selecting 
a number of current gradients and for each of them increasing 
current strength till spikes appear on the screen of the cathode 
ray. It is immaterial whether one or several spikes are seen, the 
threshold being always determined by the latent period of the 
first spike. One need not therefore repeat stimulation many 
times in order to hit on the precise threshold. 

With spikes from a great number of different fibres, as illu- 
strated in fig, 18, the first spike represents the latent period for 
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the fibres %vith lowest threshold. Thus, in general, the measure- 
ments will refer to motor alpha fibres. 

The accommodation curves obtained from 12 cats in this man- 
ner are' very similar and the curve of fig. 11 may be taken as ty^pical. 
The ordinates have been obtained from the ammeter as strength 
of current through the stimulating electrodes. The actual amount 
of current passing through the nerve is, of course, unknown, 
and so the ordinates merely represent relative current strength. 

In order to compare different experiments it has been necessary 
to use multiple.s of rheobasic strength, as in fig. 4. In the accom- 
modation curves which I have plotted in this manner (e. g. figs. 12, 
13 and 14) each ordinate v'alue shows how many times it has been 
necessarv to increase the rheobase in order to elicit an impulse 
when the current has risen during the time marked by the corres- 
ponding value on the abscissa. Alternatively one could plot these 
ordinates against current gradient. But a curve obtained in this 
manner would not picture the results as, well as the plotting used. 

Fig. 11 shows that with decreasing rate of rise of the stimulus 
the increase in threshold, to begin with, is proportional to the 
time it has taken the current to reach threshold strength. Gra- 
dually, however, this relation breaks down and the curves tend to 
flatten out. AVhen the curves reach thi.s more or less horizontal 
level, even slower stimuli than the ones used are capable of exciting 
the nerve, provided that they rise to the strength marked by this 
level. 

However, extremely low gradients have but rarely been used. 
These hardly mirror any physiological processes, to be judged by 
the fact that the thresholds then begin to undergo great and 
uncontrollable variations. 

The uniform and well reproducible results with moderate current 
gradients thus show that the normal circulated mammalian motor 
nerve possesses an accommodation curve which for short rising 
times is relatively steep (for precise values see below p. 37) but that 
breakdown appears with gradients corresponding to as moderate 
current strengths as 3—4 times the rheobase. The mammalian 
motor nerve prepared in situ in this manner therefore is lacking 
the fente liniitc, the minimal current gradient below which no 
excitation takes place, known from the excised frog nerve. 

Havdng described the general type of mammalian accommoda- 
tion curve for motor nerves w'e shall now enter into a more detailed 
analysis of it. 
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2. Limits of Variation. 

Tlie experiments have shmvn that the mammalian preparation 
is stable and gives reasonably uniform results within 2 — 4 hours 
from the moment of isolation of the nerve, the last stage in the 
preparatory operations. However, this presupposes that the animal 



Fig. 12. Accommodation curves (motor fibres) from single experiment, taken 
at interval of 2 hours. First set of values; open circles. Second set of values: filled 
circles. Ordinates: current strength divided by rheobase (I/Io). Abscissae: rising 

times in msec. 

is in a good state after decerebration and other operations. ^Vhen, 
in some experiments, variable results have been obtained after 
half an hour or less, tliis has been a reliable indicator of an inci- 
pient collapse of the preparation, soon to be followed by disturbed 
breathing and other signs foreshadowing an early exitus. 

It has not been possible to find a definite difference between 
decerebrated animals and those which received the moderate dose 
of dial used in some experiments. 

It is true that some variations occur from measurement to 
measurement on the same preparation but they are of no signifi- 
cance for the general course of the curves. In fig. 12 there are 
two accommodation curves recorded at an interval of about 2 
hours. A variation of rheobase had occurred but whether it de- 
pends on physiological factors or on a resistance change is difficult 
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to say. But by expressing the ordinates, in this curve and in those 
to foliov', in' multiples of rheobasic strengt.h we find a basis for 
comparison. The two curves of fig. 12 are then practically identical 
both with respect to initial slope and breakdown. 

E.xpcriments on different cats have given curves of slightly 
different types. The most common t 3 ^pe is the one shown in fig, 13. 



Fig. 13. Accommodation curve for motor fibres. Common type with initial 

linearly rising portion. 

Fig. 14 illustrates another variant lacking the linearly rising 
phase and having a successively diminishing slope. But as a rule 
there is a linear rise up to values corresponding to rising times of 
about 50 msec. As will be shown in fig. 16 (p. 41) the curves 
for very brief times also have the initial linear phase. 

Whereas it is difficult to refer breakdown of accommodation to 
a definite point on the curve it is nevertheless clear that the hori- 
zontal portion represents an ordinate of 3 — 4 times the rheobase. 
This is the average for the great majority of curves. 

Below I shall compare these accommodation curves with those 
obtained from sensory nerves. It will then become apparent that 
the differences are of an order of magnitude that is clearly repro- 
duced already by the graphic constructions. But if in addition a 
figure is wanted to express this difference schematically, this can 
be obtained by a rough approximation of the angular coefficient 
of the initial rise of tlie accommodation curves. In order to compare 
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the result with those mentioned in the Historical section I have 
taken the inverse value of the slope, as done by Hill and his 
collaborators in calculating their constant X. 

In table 1 (Motor) this factor is calculated for my experiments. 
Despite the fact that these values are approximations they vary 
within relatively narrow limits. 

K 

4 


3 


2 


I 


0 50 msec. 1 0 0 

Fig. 14. Accommodation curve for motor fibres. Loss common type with sue- 

ccssivcly diminishing slope. 


Table 1. 

Experiment Motor Sensory 

1 50 — 

2 . 31 200 

3 30 100 

4 — 270 {saphenous) 

5 ....... 32 160 

6 38 132 

7 . 44 115 

. 8 ...... , 30 over 1,000 {saphenous) 

9 41 — 

10 ....... 45 90 

.11 30 90 

,12 60, 200 

13 34 — 
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Tho results differ in this respect from those obtained by Granit 
and Skoglund (1941) and those of Bernhard, Granit and Skog- 
LTTNp (1912) with a threshold muscle contraction as index. This 
index is certainly the main factor accounting for the difference. 
I shall return to" this question below (p. 46) in connexion with the 
experiments on muscle action potentials. But the placing of the 
stimulating electrodes also is of importance. Granit and Skog- 
LUND found that the distance from the cut end of the nerve 
played a role. Their experience has now been utilized in order 
to avoid this source of error. 

The constant distance between the stimulating electrodes in 
all my experiments has also served to standardize the results. 
ScHRiEVER (1932) has analyzed interelectrode distance with refe- 
rence to the Einsehleichzeit. He found an increase of this time 
with increased interelecbrode distance, especially well marked 
below values of 10 mm. Between 10 — 30 mm. the effect was less 
noticeable. Similar results have been obtained by Solandt 
(1936 a). Thus, for instance, the value of A at 2 mm. was 75 % 
below that at 30 mm. Between 6 — 30 mm. there was no 
regular difference. The surface under the electrode, varied from 
sharp edges to 1 cm., did not influence A. Schriever (1932) 
also reports irregular results with monopolar stimulation, an experi- 
ence confirmed by Granit and Skoglund. 

With a nerve in good condition, circulated from the intact 
portion remaining in the tissue, there should not be found any 
sudden reversals of excitability nor any opening discharge to 
currents of moderate strength. 


3. Brief Rising Times. 

With the aid of the single sweep arrangement it has been 
possible to analyse the brief rising times corresponding to the 
fast gradients in the beginning of the accommodation curve. 

It is obvious that physiological variations as well as technical 
errors in measuring etc. become relatively more important with 
fast gradients of stimulation. For the relatively slow gradients 
hitherto studied it was found possible to use threshold determina- 
tions l)ascd on the latent period. But for brief rising times it has 
been necessary to fall back upon the classical method of deter- 
mining the threshold by taking a number of subliminal and just 
supraliminal readings around the limen. The variation at the 
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thresliold, described by Blair and Eblanger (1933) tends to 
make the measurements more difficult than for slower gradients. 
Considering that experiments published by e. g. Solandt (1936 a) 
indicate a departure from the linear slope of the accommodation 
curve for very brief rising times, it 1ms been held to be of particidar 
importance to obtain accurate figures for these gradients. 

The different factors can be profitably discussed in connexion 
with some records taken with the sweep circuit. 

Fig. 15 is intended to show how already from the beginning 
accommodation dcprevsscs the threshold at the slightest delay of 
the rising stimulus. In record n the small instantaneous shift in 
the beam recording the stimulus corresponds to a just subrheo- 
basic stimulus of 12 microamp. In the other beam, recording the 
effect from the nerve, there is only a small stimulus artefact of 
the kind seen when compensation is ijisufficient. But it is so small 
that it docs not interfere with the analysis of the action potential, 
as will be seen below. In record h the instantaneously rising 
current at 15.2 microamj). already is supraliminal, to be judged 
by the action j)otcntial t hat now follows. We then proceed to 
diminish the rate of rise of the current, keeping its strength 
constant at 15.2 microamp. In the records c ami d can be seen 
the effect of changing the duration of the stimulus rise from 
in.stantancous to respectively 0.5 and 2.0 msec. This clearly 
reduces the effect of the .stimulus, as evident from the successive 
diminution of the action potential. The same current, of strength 
15.2 inicroamp., became subliminal when rising during 3.5 msec., 
and in order to obtain the res})onse of record c of the same figime 
it was then jiece.s.‘;ary to increa.se the current strength to 18 
microamp. 

The ])rocedjirc of taking the latent period of the first spike for 
measuring thro.sholds, .so convenient with slower gradients, is 
not accurate enougli for brief rising times. What is first, we may 
ask, the ])robable error in measuring the time markings of 1.0 
msec, at the speed.s })o.ssible with the sweej)? It was found to be 
0.2.5 msec. It is also nece.s,sary to correct for the conduction time 
which for the.so low thre.shold motor alpha fibres has been taken as 
90 m. per sec. This time, including a minute difference in the level 
of the two beam.s has l)oen, on an average, 1.2.5 msec. The degree 
of accuracy that can f)e claimed for the mea.surcments of the latent 
period.s is limited by tlie.se approximations. 

In record c of fig. 15 the corrected latency is 2.0 msec. A sti- 
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mulating effect from that part of the current which is horizontal 
cannot be excluded. In order to be certain that the results are not 
due to the limiting conditions set by the strength-duration- curve 
it is necessary that the measurements should not be extended 
to rising times below 2.0 msec. (cf. Wyss, 1934). Even when this 
criterion is observed the physiological threshold variations are 



Fig. 15. Lends on motor root. Stimulation of sciatic nerve. Time in msec, a 
and b, instantaneously rising current; c, d, and e, brief rising times. Full descrip- 
tion in text. Size of spike in b about 150 p-V. 


great enough to interfere with the accuracy of the measure- 
ments. 

Some results of the analysis of the brief rising times may now 
be presented. These are shown in fig. 16, from two different 
experiments. The index has been a constant spike of threshold 
size. There are some variations in the distribution of the values. 
But the curves in their initial part do not differ systematically 
from their later course. The increase in the threshold, as a rule, is 
linear from the beginning as in fig. 16 a. But there have also been 
cases (fig. 16 b, cf. also fig. 14) in which the whole accommodation 
curve gradually diminishes in slope from the beginning. 

There are still some facts worth noting in connexion with the 
latent period of the response. 

Fig. 17 shows a number of records from a single experiment. 
The rheobase was first tested with 24 microamp. which was 
definitely subliminal. The threshold was found to be around 28 
microamp. Then the rheobasic current was increased to 40 micro- 
amp. This led to the expected effect: a large potential caused by 
synchronized elements. At the threshold (record a) the latent period 
is 1.75 msec., for the supraliminal stimulus {lecoid b) only 0.25 
msec. This difference represents a difference in the rate of rise 
of the polarization potential, known from work on instantaneously 
rising currents (see e. g. Eichler, 1939 a and b). 
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Kow there is no reason to assume that this shortening of the 
latent period with increased stimulus strength would he demon- 
strable only with instantaneously rising stimuli provided that the 
rising times are brief. That it also is present with linearly rising 
currents is shown by records c and d of fig. 17 in both of which 



a, accurate tlircsliold measurements for brief rising times showing that the curve 
rises linearly from the beginning. 



b, accurate threshold racssurements for brief rising times showing that there 
is a gradually diminishing slope from the beginning. 

Fig. 16. Accommodation curves for motor fibres. 

the gradient is the same. In c at the threshold (28.8 microamp.) 
the latent period is 6 msec., in record d, at stimulus strength 40 
raicroamp. the latency is reduced to 5 msec. 

If the stimuli are rising slowly this difference in latent period 
as a function of stimulus strength, if at all present, is difficult to 
demonstrate with the methods used. At any rate it would be a 
negligeable fraction of the whole latent period. Record e shows 
an impulse elicited, at threshold strength 32 microamp., by a 
stimulus rising at a certain gradient. The latent period is then 
19 msec. In record / stimulation has been continued until 
reaching 70 microamp. at the same gradient. Again the latent 
period of the first spike (used in my calculations of the accom- 
modation curve) is 19 msec. Thus, if the threshold for this 
gradient be calculated as the strength corresponding to a latent 
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period of 19 msec., it will be identical in both cases, that is 
approximately 32 microamp. The experiment shows that the 
latent period as a basis for calculating threshold current strength 
m the manner suggested in chapt. 1, is satisfactory. 



Fig. 17. Lcad.s on motor root. Stimulation of sciatic nerve. Brief rising times; 
n and b, in.stantaneoiis, c and d, very fast gradient, time in msec; e and f, less 
.steep gradient, time in 2 msec. E.vpianation in te.vt. Size of spike in a about 

50 p.V. 


4. Kecords from Wliole Motor Boot and from Muscle. 

Grouped Action. 

In fig. 17, record b, an instantaneously rising suprathreshold 
current was found to lead to an augmented spike potential due 
to the activation of fresh fibres discharging iteratively. 

We shall now analyze the corresponding phenomena for slowly 
rising currents, when a greater number of fibres are allowed to 
contribute to the response. Some typical pictures with leads on 
the whole root are shown in fig. 18. In record a, a just supra- 
threshold stimulus activates a number of large iterated spikes, 
just as with instantaneous stimulation. With a somewhat slower 
gradient, record h, large spikes are also obtained, but it has 
been necessary to drive the current a great deal above the thres- 
hold: the large spikes, seen in the record, come after a latent period 
corresponding to a very much stronger current than the one 
necessary for small spikes. A still slower gradient, record c, is 
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incapable of eliciting any large spikes despite greatly increased 
current strength; there is only a slight increase in the size of the 
spikes. This state of affairs is still more prominent with a still 
slower gradient, record d. 

What is the significance of the occurrence of large spikes? 
They cannot represent fibres of large diameter, since these, as 


I 

it 






Fig. 18. Records from motor root showing sj'nchronized spikes to suprathrestiold 
stimuli of relatively fast gradients. Sec text. Values below marked in order 

as in fig. 8. 

a. 10 msec. 12 ;aA. 7 msec. 8.4 aA. 

b. 40 msec. 24 pA. 16 msec. 9.0 pA. 

c. 5.5 msec. 28 pA. 25 msec. 12.7 pA. 

d. 150 msec, 48 pA. 45 msec. 14.4 pA. 

is well known, have low thresholds and therefore should be the 
first to appear when the stimulus reaches threshold strength. 
Instead we see that at such strengths there are only small spikes, 
and that the large ones require additional current strength. 
They must therefore be due to synchronized activity in several 
fibres. The explanation of the fact that the large spikes require 
relatively strong and rapidly rising stimuli would seem to be that 
with the greater increase in stimulus strength per unit time, the 
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chance for "grouped action” becomes greater. TJie number of 
elements recruited per unit time increases (sec Discussion p. 60). 
Within limits it is possilde to compens!ite for dccrea.^cd rate of 
rise by increasing current strength, probably due to the increased 
frequency caused by such stimuli, as shown in fig. 9, record a. 
But there seems to be an upper limit for this "conipensahilitv'*. 

Some e.xperiments with micro-electrode lends in the muscle 
itself (m. til), ant.) and the stimulating electrodes on the proximal 
stump of the cut sciatic are of particular interest in this 
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Fig. 19. Response to linearly rising current rccordetl with micro-electrode in 
tho tib. ant. mnscle. Time in 20 msec. See te.tt. Sire of lorgest spike in a; 

.'iOO pV. 

connexion. The i.solation obtained with such elcc:trode.s is by 
no means perfect, ns pointed out by Bkhniiaru, Graxit and 
Skogluxd (1942). 

The difference between small and large spikes is well marked 
also wdth this technique of leading off spikes from the muscle. In 
fig. 19, record a, a relatively high gradient of stimulation elicits 
large synchronmed spikes. Record 6, however, shows that, just as 
in the motor root, the .slowly rising .stimulus fjr.st elicits .small 
.spikes. But when it has risen sufficiently some large spikes nho 
appear. In record c the gradient is the same as in record b, but the 
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current has been driven still somewhat higher. This leads to an 
iterative discharge of large spikes. 

Most of the experiments carried out with leads in the muscle 
were finished at a time when the stimulator used rose exponenti- 
ally. as in fig. 20, taken with a preliminary model of the stimu- 
lating device described above. The form of the current did not 
affect the principal findings, as is also well illustrated by the same 
figure. In tlie earlier experiments stimulus form was not recorded. 



Fig. 20. Jlioro-elcotrode in tib. nnt. muscle. Stimulntion with c.\ponentially 
rising currents. Time in 20 msec. See text. 

Apart from the difference between large and small muscle 
spikes, the most important finding in these experiments was 
that the form of the accommodation curve was determined by 
the size of the spikes used as index for the threshold effect. As 
current form was not recorded it tvas necessary to use the appear- 
ance of a spike of a definite tj^ie as index for the threshold effect 
and plot cuiTent strength for this effect against fixed R x C 
values on the abscissa. Subject to the reservations made against 
this technique in the Historical section, the result was that the 
accommodation curves for large spikes rose more steeply than 
those taken with small spikes as index. This result is illustrated 
in fig. 21. 

^ Also in a single experiment with the muscle contraction as 
index the same phenomenon turned up in the form that a certain 
gradient, with the tlireshold as index, elicited a contraction at 
twice rheobasic strength, -whereas with a contraction corresponding 
to twice this amplitude as the constant index, three times the 
rheobase was required in order to make the same gradient effective. 
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This fact that the slope of the accommodation curve is a function 
of the size of the spike chosen as index, first seen with the muscle 
spike as index, is easily understood in the light of the results ob- 
tained with whole nerve, described above. These experiments 
clearly demonstrated that in order to obtain large synchronized 
spikes with slowly rising stimuli it was necessary to increase 
current strength far above the threshold. This, of course, means 



Fig. 21. Accommodation curves taken with muscle spike {recorded with micro- 
electrode) ns index. Upper curve: large spike as index. Lower eurve: small spike 
as index. Abscissae: time constant of exponential rise (R X C). 


that the slope of an accommodation curve determined with a 
large spike as index would increase in the same proportion. For 
this result to appear it is apparently immaterial whether muscle 
spikes or nerve action potentials are used as index and whether 
the curves are plotted in the manner used in this paper or as in 
some previous contributions to the subject of accommodation. 

The results also serve to emphasize the unreliability of methods 
of measinring accommodation with slowly rising currents in which 
the index is a "constant” muscle contraction. Not only is the 
"constant” variable but the curve obtained is also a function of 
the index used. As pointed out by Bernhard, Granit and Skog- 
LUND (1942) there is also the danger of changing over from one sort 
of index to another, at times without being aware of this change, 
which leads to the plotting of the gradually varying index against 
rising time rather than to a plot of strength of current against 
the same abscissa. It is true that the strict criterion for a reliable 
index in measuring the ordinates of the accommodation curves. 
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as applied in this paper, actually has led to a type of curve seen 
before — but only with frog nerve — namely, an initial straight 
portion curving down to a horizontal level when the stimuli rise 
more slowly. This does not necessarily mean that those who have 
previously published curves of the same general form also have 
plotted the same type of effect. It is, on the contrary, probable 
that they have plotted nothing but the gradual change of an 
initially constant index into one that alters character as the 
gradients of the stimuli decrease. The form of the later phase of 
the accommodation curve must actually be said to have been 





if f i II ii .r, 


]0': 'b 






Fig. 22. Becords taken with micro-electrode in tib. ant. muscle. Full descrip- 
tion in text. Time in 20 msec. Size of small spike 200 f^V; large spike 700 fxV, 


unknown owing to the fact that even those (see Historical section) 
wlio have been aware of the increasing repetitiousness with slowly 
rising stimuli have not taken any steps to ensure that the index 
throughout the measurements has remained constant. 

Above it was suggested that the large spikes, seen particularly 
with suprathreshold stimuli of higher gradients, were due to 
grouped action of several fibres. Sometimes the records also show 
how spikes are grouped together with great regularity of frequency 
and height. In fig. 22 a there is first a small spike elicited at 
relative strength 8 and time-constant 10 msec. In record h sti- 
mulus strength has been' increased to 10. There is then a discharge 
consisting of repetitive small spikes and a large one. These spike 
sizes were then kept up through the whole experiment. In record 
c they are shown for a slower gradient (100 msec.) and increased 
strength (strength 15). In this experiment the constancy of the 
grouped pattern was very high. 

It is, of course, possible that grouped action is favoured by an 
abnormal state of nerve. But this tendency to grouping of the 
elements into constant spike patterns is also seen in experiments 
in which everything points to the nerve being- normal. Thus, for 
instance, the seemingly isolated spikes from a root filament in 
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figs. 8, 9 and 10 are given by a number of fibres. This is shown 
by the fact that they tend to vary somewhat in size. More im- 
portant still is that with brief rising times a small alteration of 
current strength may lead to a variation of spike height (see fig. 
23). But there is a marked tendency towards formation of certain 
size patterns recurring with remarkable regularity despite varia- 
tions in the mode of stimulation (figs. 8, 9 and 10). 

Anotiier example of grouped action in motor fibres are the im- 
pulses set up by the cut end of a nerve, studied by Adrian (1930). 
In fig. 24 b such discharges are recorded as spikes of relatively 



Fig. 23. Same experiment as in fig. 8. Leads on root filament. Constant gradient 
of stimulation, a, strength 28 microamp.'; b, 32 microamp.; c, 34 microamp. Size 
of spike increases with increasing current strength showing that several elements, 
are combined. Time in 20 msec. 

constant size in the muscle. At the moment marking stimulation 
these are stopped by an anodal block. An interruption of the block 
leads to anodal opening discharge. Afterwards the spontaneous 
activity reappears and it is interesting to see how the spike 
height of the recurring discharge gradually reaches its original 
size. In fig. 24 a, a partial anodal block merely inhibits some of 
the elements contributing to the first spike after the block. This 
spike is here very thin on account of the removal of a fraction 
of its supporting elements. 


5. Constant Current. Ropetitionsness. Adaptation. 

SoLANDT (1936 a) and Katz (1936) showed that a decreased slope 
of the accommodation curve ran parallel with a greater tendency to 
repetitiousness in the nerves of frogs. Decalcification was the best 
method for producing a flatter accommodation curve. Systematic 
experiments on the effect of the external milieu have not been 
on the program of this -work. In general, however, it may be 
stated that the correlation between the slope of the accommoda- 
tion curve and repetitiousness has been verified whenever a chance 
has occurred to verify it. Asphyxia has quite often been seen to 
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favour repetitiousness (c{. Lehmai^n, 1937) and tlien a flatter ac- 
commodation curve has been found. In the normal experiments, 
however, in which the variations in slope have not been consider- 
able (cf. table 1, p. 37), the tendency to fire repetitively has also 
been much the same in the different cases. 

Despite the parallelism between slope of accommodation curve 
and repetitiousness it would be a mistake to regard a repetitive 
discharge merely as the direct consequence of deficient accommo- 



Fig. 2i. Impulses .set up by the cut end of the sciatic nen-c, records being taken 
with micro-electrode in tibi ant. muscle. Stimulus marked on figure represents 
anodnl block on nerve, a, relative strength 10 only causes partial block: b, rela- 
tive strength 18 causes complete block and in addition opening discharge. See 

text. Time in 20 msec. 


dation, as done, for instance, by Ivatz (193G). Once the auto- 
rhythmic mechanism is released, and breakdown of accommodation 
has occurred, this mechanism turns up with interesting properties 
of its own which cannot be forced together under the simple 
heading of accommodation. Some of the evidence for this conclu- 
sion will now be set forth. 

What is, to begin Avitb, the strengtli of current necessary for 
prolonged repetitiousness? I do not now mean the brief iterative 
discharge follo\ving upon any suprathreshold stimulus. On account 
of physiological variations the tlureshold for prolonged repetitious- 
ness may be difficult to determine with great precision. But as a 
rule this threshold in the motor roots is at a value of 3 — 4 times 
the rheobase (5 experiments). In some experiments (2) repetitious- 
ness required 5 times the rheobase. The presence of a tlireshold 
for this phenomenon explains breakdown of accommodation: it 
means that at this level the rate of rise of the stimulus looses its 
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significance. The horizontal portion of the accommodation curves 
corresponds to this level although a successive departure from the 
initial linearly rising phase of the curves precedes horizontality. 
In fig. 25 a repetitive discharge to a constant current has been 
led off from a motor root filament. Eecord a shows stimulation 





e 



Fig. 25. Leads on motor root filament. Stimulation of sciatic nerve. Illustrat- 
ing repetition during plateau portion of stimulus at different current strengths 
which in terms of multiples of rheobasic strength are: a: 1.7. b: 3.0. c: 4.0. 
d and e: 5.0. f: 6.2. . See text. Time in 20 msec. 

with a strength of 1.7 times the rheobase leading to two spikes 
during the rising phase of the stimulus. Record h corresponds to 
strength 3 which still is below the tlmeshold for repetitiousness. 
Record c, corresponding to a strength of 4 times the rheobase, 
shows a repetitive discharge of slow frequency. If now the strength 
of the stimulus be increased to 5, the frequency of the discharge 
increases, as illustrated in records d and e. The differences in tbe 
rate of rise of the stimulus can be seen to affect the frequency 
of the discharge merely during the rising phase, as already pointed 
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Fig, 26. Duration of repetitive firing in sec. as function of stimulus strength 
in multiples of rheobasic strength. 



Fig. 27. Frequency of repetitive discharge as function of relative current 

strength. 
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out above (p. 32), but to be without influence on the prolonged 
repetition. In the last record (e) excitation is 6. 2 times the rheobase. 

Eepetitive firing is found to continue for a considerable time 
at a decreasing rate. There is thus adaptation to the stimulus. As 
a consequence of the adaptive processes the nerve sooner or later 
ceases to respond. How long it is capable of keeping up its discharge 



Fig. 28. Stimulation of sciatic nerve •with constant current. Jlicro-electrodo 
records from tib. ant. muscle. Relative current strength and spike frequency 
per sec. in the different records are respectively: a, 20 and 90, b, 16 and 60, o, 10 

and 35. Time in 20 msec. 



Fig. 29. As in fig. 28, but showing spike frequency as function of duration 
of stimulation; a, immediately 60 per sec., b, after 2 sec. 35 per sec. and c, after 
5 sec. 25 per sec. Time in 20 msec. 


depends among other factors upon the strength of the stimulus. 
This relation is illustrated in the diagram of fig. 26, in which 
duration of repetitiousness is plotted against strength of stimulus. 
These durations are of an order of magnitude which would seem 
to exclude any simple relation to the time constant of accommoda- 
tion such as the one claimed by Katz (1936) for frog nerve. The 
inverse value of the slope is about 40 in the experiment from 
which the diagram is taken. 

Of great interest is also the frequency of these discharges. 
It is surprisingly low at the threshold and increases when the 
strength of the stimulus increases. This fact is illustrated in fig. 
27 from an experiment in which a large spike of constant size -was 
well isolated with microelectrodes in the muscle. Up to 150 per 
sec. it was easily follow'ed, but, vvheri stimulus strength was 
further increased, it disappeared in the large number of action 
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potentials from surrounding elements. But it could be seen still 
to increase in frequency above tbe limit within which accurate 
counting was possible. The relation between stimulus strength 
and frequency is illustrated in fig. 27. 

In fig. 28, there, are some records from another experi- 
ment with micro-electrodes in the muscle, in which the regular 
increase in frequency with stimulus strength is well illustrated. 



Fig. 30. Adaptation in motor nerve. Spike frequency as function of duration 
of stimulation ■vidth constant current. 

The spikes, with their relatively constant amplitude are typical 
for "grouped action” in motor nerve. Fig. 29 shows the gradually 
decreasing frequency after different intervals — 0, 2 and 5 sec. — 
from the moment of stimulation. The diagram of fig. 30 illustrates 
the gradual drop in frequency in this experiment as a function 
of duration of stimulation. 

All the facts presented in this section might equally well have 
been obtained with a sense-organ developing generator potential, 
and serve to illustrate the applicability of this model to problems 
raised by . the electrophysiology of the sense organs. 
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n. Sensory Nerves. 

1. General Results, iiimits of Variation. 

Use of the index described on the previous pages means that 
the effect of slowly rising currents can be studied on sensory 
nerves just as easily as on motor nerves. Some results of such 
experiments will now be reported. The general arrangement has 
been analogous to the one used for motor nerves, that is, stimula- 
tion of the sciatic nerve and leads on the sensory root instead 
of on the motor root. As a rule both experiments were performed 
alternately on the same animal so that the stimulating electrodes 
could be left untouched and the amplifier merely be switched 
over to leads on the root wanted. In such experiments there were 
excellent opportunities for a quantitative comparison of the 
behaviour of sensory and motor nerves, as possible changes in 
the internal and external milieu would affect both sets of fibres 
simultaneously. The sensory fibres studied by this method would 
be low-threshold ones of large diameter and thus probably come 
from the muscle proprioceptives (Sherrington, 1894). Correction 
for conduction velocity has been carried out on a basis of 80 m. 
per sec. 

In 5 experiments the thresholds for these fibres at the rheobase 
have been compared with the thresholds for the motor fibres of 
highest sensitivity. The average value for the rheobase of the 
sensory fibres is 24 % below the average for the motor fibres. 
This value is relatively close to Erlanger and Blair’s (1938) 
corresponding figure for frogs (20 %). 

The records of fig. 31 reproduce some typical results of stimu- 
lation of sensory fibres when the leads are on the roots. 

The broad baseline, compared "with earlier figures referring to 
motor nerves, is a consequence of spontaneous activity which 
was considerable in these experiments. It did not seem unrea- 
sonable to assume in the first instance that this activity came from 
sense organs innervated by branches above the severed end of the 
sciatic. But as the spontaneous activity was greatly augmented 
after section of all the branches, belonging to the root recorded 
from, I concluded that they were set up by the cut surfaces, as 
described by Adrian (1930). They also diminished greatly during 
the experiment, after some time to such an extent, that a relatively 
high degree of accuracy in the reading-off of the latent periods 



Ki:UVK RESPONSK TO LINEARLY 1NCRE.ISING CURRENTS. 


65 



Fig. 31. IjpadH on s-'cn^nry root. Slimuintion of Kciatic norvo. Time in 20 niBcc. 
Sir.e of large .spike in .a: loOa V. For each nieonl rising time, final current .strength 
in mnifiple.s of rlieoli.asie slnaigtli, latent perio<l and .strength at latent period 

are ns follow.s: 

a: .'■> msec. 1.2; m.sec. 1.2. 

Ii: 10 msec. I..*;; 8 msec. 1.2. 

c: 40 insee. S.ti; I.** m.sec. l.a. 

(1; 140 m.sec. .'5.0; 35 msec, 1.3. 






Fig. 32. Ijead.s on motor root. Stimulation of sciatic nerve. Showing strength 
necessary for repetition to bo compared with fig. 31 for sensory nerve, a, rheo- 
base, b, 2.5, c, 4.0 and d, 5 times rheobnso. Time in 20 msec. 
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of tlie spikes caused by stimulation could be reached. The error 
caused by the spontaneous activity represents a slight lengthening 
of the latent period on account of the difficulty in tracing the first 
reponse against the background of injxny discharge. 

In the records of fig. 31 it can easily be seen that there is a 
relatively moderate lengthening of the latencies vrith decreasing 
gradients of stimulation. This, of course, means a relatively slight 
increase of stimulus strength relative to the rheobase. 



Fig. 33. Accommodation curve for sensory fibres. See text. 

In fig. 33 is found the typical result of plotting the latent 
periods on the rising stimuli in the same manner as for motor 
nerves. The values for the brief rising times have been obtained 
by the procedure of threshold testing described in detail for motor 
nerves (p. 38). I have drawn a straight line through the 7 first 
points in the diagram, and this clearly represents an accommoda- 
tion curve of very moderate slope. If these values are recalculated 
in terms of multiples of rheobasic strength the inverse value of 
the slope of this curve is 160. 

We can see that at the two slowest rising times in fig. 33 the 
latent periods have not increased above the just preceding value. 
This is emphasized by the curve continued as a straight line beyond 
this point. The last experimental readings are far below it. Thus 
breakdown of accommodation sets in at a current strength which 
on an average is only 1.5 times the rheobase. In fig, 33 the point 
in the diagram representing the slowest gradient is actually some- 
what below the preceding value. But with as slow gradients as 
those at the end of the curve of this figure the results tend to 
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vary and it is not -wortli wliile to expand the observations further 
in this direction. 

Fig. 34 demonstrates a typical result from an experiment in 
which both the motor and sensory roots were in turn connected to 



Fig. 34. Accommodation curves for sensory and motor fibres compared. Upper 
curve: motor, lower curve: sensory. Ordinates: relative current strengths. 

See text. 



Fig. 35. Limits of variation of slopes of motor and sensory accommodation cur- 
ves. Lines drawn in full: motor. Broken lines: sensory (including n. saphenous). 


the amplifier so that the results can be directly compared. The 
latent periods for both motor and sensory nerves are plotted on the 
rising stimuli against stimulus strength, as directly read off 
from the ammeter. Both the difference in threshold and slope 
of the accommodation curves can accordingly be seen on the same 
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diagram. But a strictly quantitative comparison requires replotting 
of the same data in terms of multiples of rheobasic strength (see 
the average result for motor and sensory nerves, fig. 35). 

The examples selected show the very marked difference between 
the accommodation curves of motor and sensory nerves. This 
difference as well as the extreme limits of variation are well 
illustrated by Table 1 in which the inverse value of the slope of 
the initial linearly rising portion of the curve — up to 50 msec. — 
has been tabulated for motor and sensory nerves. 

The diagram of fig. 35 shows the range within which the slopes 
have varied, separately for motor and sensory nerves, and within 
rising times of 50 msec. The rest of the curve in both cases then 
gradually and somewhat irregularly passes over into a horizontal 
portion, as has been shown in connexion with a description of 
breakdown of accommodation for motor nerves and above (fig. 
33) for a sensory nerve. In motor nerves this level corresponds 
to 3 — 4 times, in sensory nerves to 1.5 times the rheobase. 


2. Some Special Results. 

As indicated by the general course of the accommodation curve 
repetitiousness is considerable in sensory nerves. In fig. 31 there 
is repetitive firing, already in record h, at 1.5 times the rheobase, 
not only during the rising phase as in motor nerves but also during 
the time when the stimulus remains at plateau height. In the 



Fig. 36. Loads on sensory root. Stimulation of sciatic nerve, a and b, instantan- 
eous current rise; c and d, very fast gradient; o and f, less steep gradient. Expla- 
nation in text. Time in msec. Size of spike in b: 75 jJ. V. 
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following records, c and d, corresponding to 3.5 and 5 times the 
rheohase the rhytmic activity is very heavy. In all the experi- 
ments with leads on sensory roots repetitive firing has regularly 
turned up at strengths corresponding to 1.5 — 2 times the rheohase. 

For comparison I have inserted as fig. 32 a picture from the 
motor fibres of the sciatic in which repetitiousness turns up at 
a strength of 4 times the rheohase. 

Adaftation to the constant current, described above (p. 52) 
for motor fibres, is seen also with sensor)’^ fibres. The duration 



Fig. 37. Accommodation curve for saptenous nerve. 

of the discharge, however, is definitely longer in sensory than in 
motor nerves for the same multiples of rheobasic strength. Syste- 
matic measurements of this difference have not been carried out. 

In fig. 36 are found some pictures illustrating action potentials 
from the dorsal root filaments in response to stimuli of brief 
rising times. Record a is a threshold stimulus at the rheohase. 
Strength of current is 20 microamp. and the impulse follows after 
a latent period of 1.75 msec. In record h is seen a greater response 
to a strength of 30 microamp., following after a latency shortened 
to 0.50 msec. 

In records c and d the stimulation gradients are identical; 
the former rises to 24 microamp., the latter to 52 microamp. Also 
in this case there is a just noticeable shortening of the latent period 
for the stronger stimulus amounting to about 1 msec. In records 
e and / the gradients have been diminished. A difference in latent 
period is here not visible, though the latter stimulus is stronger. 
The records d and /, for which stimulus strength is about 2.5 times 
the rheohase, show that the nerve has responded repetitively, not 
merely to the rising phase but also during the plateau level. These 
curves should be compared with those taken from the motor 
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nerve see fig. 17 — which is .silent during the plateau level of 

stimulation. 

Two experiments have been carried out with the saphenous 
nerve. Leads were applied both to the corresponding dorsal root 
and to the nerve at a distance of a few centimeters from the 
stimulating electrodes. The pictures obtained were similar in 












Fig. 38. Leads on saphenous nerve. Stimulation of same nerve -with stimuli 
of different gradients. Time in 20 msec. For each record rising time, final current 
strength in multiples of rheobasic strength, latent period and strength at latent 
period are as follows: 
a: instantaneous I.l. 
b: 30 msec. 2.0; 17 msec. l.i. 
c; 100 msec. 3.2; 35 msec. 1.1. 

d: 250 msec. 3.2. The frequence of the discharge increases gradually and ir- 
regularly with latent period corresponding to current strength below 1.0. 


both cases and these fibres, which according to Heinbeckee, 
O’Leaey and Bishop (1933) are purely sensory and possess con- 
duction velocities of about 60 — 80 m. per sec. for the A group, 
had very little accommodation. In the one experiment the inverse 
value of the slope was 270 (see fig. 37), in the other approaching 
an infinitely high value, the slope being practically horizontal. 

In fig. 38 there are some records taken directly from the saphe- 
nous nerve. The latent period is very short and with slow gradients 
the impulses come irregularly at a strength of stimulation corre- 
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sponding to tlie region of threshold play around the rheobase. 
The rheobase is difficult to measure precisely, on account of the 
stimulus artefact, Avhen the leads are so near the excited locus. 

Record a in fig. 38 shows that the saphenous nerve responds 
with some iterated impulses just above the rheobase and that 
repetitive firing is well marked at a strength corresponding to 
twice the rheobase, record h. The rest of the curves have been 
obtained with stimuli 3.2 times the rheobase. 

An important difference between sensory and motor nerves 
is also seen in the fact that the tendency towards synchronized 
or grouped discharges is far less evident with sensory than with 
motor fibres. It is seen only at the rheobase and with the fastest 
gradients (cf. fig. 31). As is .shown in fig. 38 from the saphenous 
nerve, it is possible to raise the strength of the stimulus to 
values above the rheobase without obtaining spikes which are 
significantly larger than those seen at the threshold. 

The typical picture with the motor nerve, as pointed out above, 
was a grouping of the potentials to large spikes of constant size. 
This characteristic picture was not seen at all or was less well 
marked with the sensory nerves. 



Discussion. 

1. The Accommodation Curves. 

The use of linearly rising currents instead of exponential ones, 
advocated in the introduction, has greatly furthered the anal- 
ysis of the phenomena noted in stimulation with slowly rising 
currents. Of particular importance has been that the linearly 
rising stimulus for any constant gradient could be driven up to 
any desirable height. My method of measuring accommodation 
has been based on this technique. It has been shown that stimu- 
lus strength at the latent period of the first spike, photographi- 
cally determined in parallel with simultaneous recording of sti- 
mulus form, can be used as a measure of threshold stimulus 
strength for all gradients except the fastest ones. In this manner 
the accommodation curve can be conveniently determined with 
the same degree of accuracy for all kinds of nerves. 

With this index the accommodation curve refers to fibres which 
have low threshold for the gradients used. (In this respect my 
method agrees with other methods of measuring accommoda- 
tion.) I have assumed that the points plotted on the accommoda- 
tion curve refer to the same fibres. This assumption presupposes 
that the accommodative properties of the fibres of somewhat 
smaller diameter do not differ significantly from those of the 
largest fibres. Assuming, however, that a group of thinner fibres 
with a rheobase of twice that of the low-threshold fibres would 
have very little accommodation, then it might be possible that 
— despite the threshold difference at the rheobase — these fibres 
would respond to very slow gradients before the other ones. As 
yet we know nothing of the accommodative properties of differ- 
ent fibre groups, and therefore a possibility like the one imagined 
cannot be excluded. But the results of the experiments with 
small strands of fibres from the motor root filaments, in which 
the potentials were of constant size through all gradients of sti- 
mulation, certainly suggest that in this case the same elements 
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or element responded tlirougliout the series. This shows it to 
be very unlikely that the accommodation curves found in these 
experiments could be due to a shifting-over from, say, one type 
of element ^vith much accommodation to another with little ac- 
commodation. 

As regards the saphenous nerve we know that the measurements 
refer to a group of elements with conduction velocities from 
80—60 m. per sec. (Heinbecker, O’Leary and Bishop, 1933) 
throughout the whole accommodation curve. The following group 
of fibres with a conduction velocity of about 30 — ^20 m. per sec. 
has already at the rheobase a threshold of 4.5 — 6 times therheo- 
base of the fast group. The increase in current strength necessary 
for eliciting activity with the slower gradients has nowhere been 
anywhere near this amount. 

Correction for conduction velocity has been based on values 
somewhat below the top velocities. The reason for this has been 
that it has seemed improbable that the fastest fibres would be 
represented at the threshold in such numbers as to be capable 
of constituting the index spike alone. But a variation of some 
10 — 20 m. upwards or downwards in this value at the slow gra- 
dients would also be of very little significance compared vdth 
other sources of error. For the fast gradients the latent periods 
have not been the means of measuring the threshold effects. They 
were there measured directly. 

The accommodation curve of the motor nerves has been dis- 
cussed in relation to some earlier results above on pp. 36 — 38 
and 46 but some points still deserve to be mentioned. 

Typical for the mammalian motor nerve is an accommodation 
curve with a relatively steep initial slope signifying a consider- 
able degree of accommodation to slowly rising currents. The 
mammalian nerve is clearly lacking an absolute fente limite. In- 
stead of the nerve refusing to respond to gradients below a cer- 
tain limit its mode of reaction altogether changes character: 
accommodation breaks down and it begins to discharge itera- 
tively in a manner which is determined by current strength and 
not by current gradient. This release of the autorhythmic me- 
chanism takes place at a strength of current some 3 — 4 times 
the rheobase. 

The result suggests some caution in accepting the existence 
of the petite limite in excised frog nerve (cf. Historical section 
p. 34). It is probably a pathological phenomenon. Some results 
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by Liesse (1938 b) are in favour of this conclusion. On frog nerve 
in situ he showed that interruption of the circulation led to in- 
creased accommodation. But that accommodation in circulated 
nerve should be negligeable, as held by Barrack (1940), is 
clearly erroneous it accommodation be defined as in this paper. 

In experiments on man Ebbecke (1924) came to the conclu- 
sion that suprathreshold stimuli often led to iterated activity 
in both motor and sensory nerve. Recently Rosenblueth (1941 
b) has recorded from mam m alian nerve in situ and found re- 
petitive discharges to be the typical response to strong stimuli. 

From this point of view stimulation with slowly rising currents 
is of especial interest. Not only does it correlate the threshold 
of repetitiousness with accommodation but it also separates the 
brief rhythmic responses to the rising stimulus from the pro- 
longed repetitiousness during the horizontal level of stimula- 
tion. The prolonged repetitiousness presupposes that the accom- 
modative mechanism somehow has broken down and it is prob- 
ably a phenomenon sui generis. In earlier experiments with the 
muscle contraction as index slowly rising stimuli have been found 
to be accompanied by repetition (see Historical section p. 18) 
but it has not been possible to state which phase of the current 
has been responsible for this effect. 

By following the effects on the screen of the cathode ray and 
carefully adjusting stimulus strength it has actually been pos- 
sible to elicit single spikes also with slowly rising stimuli. The 
repetitive discharge therefore indicates suprathreshold stimula- 
tion. Still, the general impression of the effect of slower gradients 
is that nerve stimulated in this manner actually is prone to dis- 
charge iteratively, as if there were a greater instability in the 
excitatory process with such stimuli. Rosenblueth’s (1941 a) 
recent experiment on excitability changes at the cathode and 
anode of mammalian nerves responding to galvanic stimulation 
indicates that this actually is the case. 

Considering that repetitiousness during the plateau portion of 
the stimulus at certain multiples of rheobasic strength i's inde- 
pendent of the form of the rising phase of the stimulus, Lapic- 
QUE (1937 b) would seem to be right in refusing to accept the 
accommodation curves derived from work on threshold contrac- 
tions, inasmuch as they have been complicated by repetitive 
activity at the slower gradients. Lapicque has pointed out that 
the autorhythmic mechanism represents a specific form of activ- 
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ity. Fabre (1936 a) has also emphasized that slowly rising sti- 
muli may activate a physico-chemical system with other prop- 
erties than the ones tested by the prevalent shock technique. 
In the last section on nerve as model sense organ, I shall return 
to the properties of the autorhythmic mechanism. 

The differences in the accommodation curves of motor and 
sensory nerves, as we have seen, are well marked and the slope 
of the initial portion or its inverse value provides one with an 
accurate expression for this difference. From this would follow 
that accommodation in the saphenous nerve would be less marked 
than in the sciatic fibres. The experiments with the saphe- 
nous are, however, too few to justify a definite conclusion. 

Another difference between motor and sensory nerves is the 
lower threshold of repetitiousness of the latter, seen also by 
Erlanger and Blair (1938) with excised frog nerve. They 
have suggested as an explanation that the sensory nerves have a 
looser membrane than the motor ones. Erlanger and Blair 
have also drawn attention to a number of facts which support this 
hypothesis. 

Among other differences between motor and sensory nerves, 
found in this work, I would like to emphasize those referring to 
duration of repetitiousness and to grouped action, to be dis- 
cussed separately below. 

To sum up: the differences between motor and sensory mam- 
malian nerves are according to my results: 

1. The rheobase of the sensory fibres is on an average 24 % 
below that of the motor, nerves. 

2. The inverse values of the slope of the rectilinear initial 
portion of the accommodation curve varies for motor nerves 
between 30 — 60, signifying a considerable capacity of these nerves 
to accommodate — in the sense of Hill. The corresponding 
values for sensory nerves vary from 90 to infinity, signifying 
that they accommodate far less or not at all. 

3. For motor nerves there is breakdown of accommodation 
at 3 — 4 times the rheobase. At this strength is also the threshold 
for prolonged repetition. The corresponding value and threshold 
for prolonged repetitiousness for sensory nerves is at 1.5 — 2 
times the rheobase. 

4. For equivalent multiples of rheobasic strength the dura- 
tion of repetitiousness of the sensory nerves exceeds that of the 
motor nerves. 

b~4212S2- 
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5. The severed motor nerves have little or no spontaneous 
activity, the sensory nerves very pronounced spontaneous ac- 
ti\’ity. 

6. " The motor nerves show a tendency to grouped action lead- 
ing to composite spikes of constant height, single or repetitive, 
and sometimes of considerable size. This is seldom or not at all 
seen with sensory nerves. 

These differences suggest that, whatever the nature of the 
autorh}’thmic mechanism of nerve, this mechanism is better 
developed and possesses a lower threshold in sensory than in 
motor nerves. 

Finall}' it should be pointed out that the comparison refers to 
A fibres. 


2. Grouped Action. 

The main question with regard to grouped action (see above 
p. 43) in motor nerves is whether this phenomenon can be 
explained merely by the greater probability of coincidence of 
spikes of different fibres or whether grouping takes place as a 
consequence of some physiological or anatomical arrangement 
favouring it. Alternatively all three factors, statistical chance, 
anatomical grouping, physiological interaction, combine to the 
same end effect. 

It would seem as if no explanation of this phenomenon could 
be satisfactory unless it also can explain that grouped action is 
present in practically all records from motor nerves and absent 
or less definite in sensory nerves. The most obvious anatomical 
difference between motor and sensory nerves is the greater range 
of variation in fibre size of the latter. But it is questionable if 
this difference can play any role as long as one is studying thresh- 
old phenomena, as is done during the rising phase of stimula- 
tion, when grouped action is so marked. However, during this 
phase the probability for simultaneous activation of fibres of 
identical properties as to threshold and conduction velocity is 
greatest. In this sense a statistical chance may play a role and 
perhaps explain the fact that grouped action is so well marked 
with the relatively faster gradients. But there again the differ- 
ence between motor and sensory nerves is present, and some 
additional factor would be necessary to explain it. From this 
point of view it is of particular importance that grouped activity 
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in motor nerves by no means is restricted to steeply rising sti- 
muli, though favoured by them. For this reason it is necessary 
to conclude that some other factor than probability is operating 
in determining grouped action. 

Already in 1930 Adrian explained the synchronized activity 
of spontaneously active excised mammalian nerves by assuming 
that an active fibre can ‘influence another and cause a slight 
momentary increase in the stimulus of other fibres owing to the 
action current which it produces. 

Jasper and Monnier (1938), Katz and Schmitt (1940) and 
Arvanitaki (1940) have shown that in evertebrate nerve the 
action potential of one fibre influences another, Katz and Schmitt 
demonstrating how an asynchronous discharge of two fibres can 
be synchronized by interaction. Recently Rosenbldeth (1941 c) 
has shown that by increasing the excitability of a myelinated 
axon (cat) through local stimulation Avith direct current the action 
potentials carried by some fibres can stimulate adjacent fibres. 

Thus there is evidence for a physiological mechanism of syn- 
chronization of activity. My results are certainly best explained 
by assuming them to be caused by a similar mechanism. 

This makes the difference between motor and sensory nerves 
with respect to grouped action still more interesting. At the 
moment I can only suggest that the different accommodative 
properties of motor and sensory nerves is the common cause 
behind this striking difference Avith regard to grouped action. 
An efficient accommodation may ser\'e to compress the time 
limit AAuthin AA'hich impulses are born. If this be so the mechanism 
of interaction may Avell prove to be of great importance in the 
normal reflex acti\'ity of the motor nerve. Actually records of 
so-called motor units, say, for instance in stretch reflexes in- 
dicate that grouped actiAuty is the normal form of discharge of 
the motor fibres. 

3. NerTe as Model Sense organ. Repetitiousness. 

As pointed out by Adrian and Zotterman (1926) the prin- 
ciple upon Avhich the sense organs are built up seems to be that 
steady excitation yields a rhythmic response and that the rate 
of discharge in this response rises Avith increasing excitation. 
Anodal and cathodal tetani, noted from the beginning of electro- 
physiology, offered the nearest analogy to the kind of mechanism 

0\—4212}i2 
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that seemed to dominate sense organs. But unfortunately the 
rhythmic mechanisms of nerve have received very little atten- 
tion, and in the background there always remained the question 
as to how accommodation and iterative firing could co-exist. 
For this reason Bernhard, Gbanit and Skoglund (1942) em- 
phasized the need for a quantitative analysis of the problem 
“nerve as model sense organ” in Avhich accommodation and re- 
petitiousness should receive especial attention. This paper sup- 
lies the information wanted. The nearest approach to a similar 
study is the work of Erlanger and Blair (1936) ivith frog 
nerve in which a constant current Avas used and accommodation 
accordingly measured in a manner very different from that found 
in earlier and later papers Avith the exception of that of Barrack 
(1940). This AAmik has been revicAA'ed in the Historical section. 

For several reasons the model sense organ seemed to be best 
imitated by sloA\dy rising stimuli and this vieAV Ave have noAV 
found justified by the ease and precision AA'ith Avhich quantita- 
tiA'e data about accommodation and repetitiousness have been 
simultaneously obtained. The results shoAV that the model AArnrhs. 
A revicAA' of its properties Avould in the first instance emphasize 
the folloAving points. 

In both motor and sensory nerves the effectiveness of the ac- 
commodatiA'’e mechanism is limited to a certain region of stimu- 
lus strength. This in sensory nerves is so narroAV — maximally 
tAA'ice the rheobase but generally still narroAver or even absent 
— that a force capable of setting up a generator potential in the 
sense organ should be able to overcome the accommodative re- 
sistance AA'ithout demanding improbable quantities of energy. 
The sensory neiA'^es are thus particularly Avell adapted to the task 
of responding to generator potentials like those Ave knoAv from 
the AA'ork on the retina. 

AVhen the stimulus rises sloAvly it is nevertheless effective at 
the threshold for breakdoAvn of accommodation, Avhich is also 
the threshold for the release of the autorhythmic mechanism of 
the nerA^e. This mechanism is present in both motor and sensory 
nerves and qualitatively similar in both. But it is released far 
more easily in sensory than in motor nerves. By decreasing the 
rate of rise of the stimulus one can postpone the moment of re- 
lease of the rhythmic discharge just as in the retina a decreased 
rate of rise of the generator potential runs parallel Avith a length- 
ened latent period. 
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The autorhythmic nieclianism of the nerve has properties 
Avhich strikingly agree Avith what is known about the properties 
of the sense organs. Thus the frequency of the rhythmic discharge 
increases Avith stimulus strength (see fig. 27 p. 51). This has also 
been pointed out by Fessard (1936) on the basis of experiments on 
frog nerve. The fact is of particular interest not only because such 
a state of affairs is a theoretical requirement but also because it 
points to the genuineness of the autorhythmic mechanism. Thus, 
for instance, K,vtz (1936) has taken the view that the rhythmic 
response merely is a consequence of delayed accommodation. If 
this Avere so the nerve should discharge with a frequency deter- 
mined by its refractory period. Instead, what we find, when 
accommodation ceases to operate, is the release of -a genuine 
rhythmic mechanism Avith properties particularly adapted for 
making it serve as the A’-ehicle of propagation of the sensory 
message. Most interesting is also that the nerve adapts to the 
•constant stimulus (fig. 30 p. 53) in a manner highly reminiscent 
of adaptation in sense organs. 

The linearly rising current is probably the best approxima- 
tion to the natural mode of stimulation of a sense organ Avith a 
generator potential such as the retina. Hoav it stimulates, whether 
merely by depolarizing the nerA'-e or by in addition setting up a 
local potential, avc do not know. 



Summary. 

1. For the analysis of the response of mammalian nerves to 
slowly rising currents a new technique has been developed. It 
is based on the use of a stimulating device (fig. 6 p. 25) deliv- 
ering linearly increasing currents in which gradient and current 
strength are independent variables. Thus it has been possible 
to drive the current up to any desirable height for any constant 
gradient. The stimulator is connected to the one beam of a double 
cathode ray oscillograph recording stimulus form, and, if wanted, 
also stimulus strength though, as a rule’, stimulus strength has 
been measured separately with an ammeter. Onto the other 
beam of the cathode ray is connected a condenser-coupled am- 
plifier recording the action potentials of the nerve stimulated. 

Experiments have been carried out on decerebrate cats in 
which the sciatic nerve has been stimulated and the response 
recorded from either the motor or the sensory roots or from the 
root filaments. 

2. By means of this technique and photographic recording 
it has been possible to measure the moment at which the nerve 
responds, in relation to the strength to which the linearly rising 
current has risen at this moment, identical with the latent period 
of the first impulse. It has been shown that stimulus strength 
at the latent period of the first spike of the response is an accurate 
measure of threshold strength for all gradients except the fastest 
ones. For these it has been necessary to use the classical method 
of measuring threshold strength directly. 

In this manner curves relating current strength tq current 
duration for variable current gradients, so-called accommoda- 
tion curves, can be accurately plotted for both motor and sen- 
sory nerves. 

3. Measurement of accommodation by this method leads to 
uniform and reproducible results which is not the case ivhen a 
muscle contraction or the size of the action potential is used as 
index for measuring accommodation. This conclusion is based 
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on a comparative study of the reliability of the index in meas- 
uring accommodation. 

4. Tj’pical for the mammalian motor nerve is an accommoda- 
tion curve with a relatively steep initial slope signifying a con- 
siderable degree of accommodation to slowly rising linear cur- 
rents. 

The inverse . value of the slope of the initial part of the ac- 
commodation curve varies between 30 — 60. As a rule the initial 
slope is linear already from the beginning, sometimes, however, 
successively diminishing. 

The rectilinear initial phase of the accommodation curve is 
succeeded by a slowly diminishing slope passing over into a hori- 
zontal phase corresponding to about 3 — 4 times rheobasic strength 
of the stimulus. 

Thus the mammalian motor nerve is lacking an absolute fente 
limite. Instead of the nerve refusing to respond to the slower 
gradients of stimulation below a certain limit its mode of reac- 
tion altogether changes character, accommodation breaks down, 
and the nerve begins to discharge iteratively in a manner which 
is determined b}’- current strength and not by current gradient. 

There is thus a release of an autorhytlimic mechanism at a 
current strength of on an average 3 — 4 times the rheobase. 

5. The accommodation curve of the sensory fibres is very 
much flatter, though of the same general type. The inverse value 
of the slope of the initial linear portion is between 90 — 200. Still 
higher values have been reached with the saphenous nerve. Thus 
the sensory nerve accommodates far less than the motor nerve, 
sometimes not at all. But as a rule breakdown of accommoda- 
tion takes place at a value of about l..o — 2 times rheobasic strength. 
As in motor nerve, this marks the threshold for prolonged re- 
petitive discharges. Thus the threshold for prolonged repetitious- 
ness is lower in sensory than in motor nerves. 

6. Burther differences between mammalian motor and sen- 
sory nerves are: 

The rheobase of the sensory nerves is on an average 24 % be- 
low that of the motor fibres. 

For equivalent multiples of rheobasic strength the duration 
of the repetitive response of the sensory nerves exceeds that of 
the motor nerves. 

The severed motor nerves have little or no spontaneous activ- 
ity, the sensory nerves very pronounced spontaneous activity. 
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The motor fibres show a tendency to grouped action leading 
to composite spikes of constant height, single or repetitive. This 
is not seen in the same degree in sensory nerves. Grouped action 
has been studied in both nerve and muscle. 

7. Some further correlations between stimulus form and re- 
sponse are; 

A rise of the stimulus above the threshold leads to a repetitive 
response during the rising phase. Its frequency depends upon 
stimulus gradient and stimulus strength. 

By carefully adjusting stimulus strength it is possible to ob- 
tain a single response even with very slowly rising stimuli, but 
with such stimuli there is a tendency of the nerve to respond 
repetitively. 

Repetitiousness during the rising phase of the stimulus has 
been found to be a different phenomenon from the prolonged 
repetitiousness during the horizontal level of stimulation. 

8. The spike potentials elicited by very rapidly rising stimuli 
have been subjected to a special analysis with a single sweep 
arrangement. It has been possible to demonstrate a shortening 
of the latent period of the impulse with suprathreshold stimuli 
as is known from experiments on stimulation with instantaneous- 
ly rising currents. 

9. The repetitive response at the horizontal level of the ac- 
commodation curve and to constant currents has been analyzed. 
This response, the prolonged repetition, has the following 
properties; 

The frequency of the response is not determined by the re- 
fractory period of the nerve but by current strength. It increases 
with current strength. 

The duration of the rhythmic discharge also increases with 
current strength. 

The nerve shows adaptation to stimulation with constant 
current. This leads to a gradually decreasing frequency of the 
discharge. 

It is pointed out that the autorhythmic mechanism of the nerve 
has properties which agree with those of sense organs, and that 
a nerve stimulated by slowly rising currents is a good model 
of how a sense organ, such as the retina, may activate its afferent 
nerve by a generator potential. 



References. 


Adrian, E. D.; Proc. Eoy. Soc. 1930 B. 106. 596. 

— , The mechanism of nervous action. Philadelphia 1932. 

— , and JLatthews, R.: J. Physiol. 1927. 63. 378. 

— , and ZOTTEBM.4N, Y.: J. Physiol. 1926. 61. 151. 

Abvanitaki, a.: J. Physiol. Path. gen. 1936. 34. 1182. 

— C. E. Soc. Biol., Paris. 1940. 133. 39. 

Bernhard, C. G.: J. Nenrophysiol. 1942 a. 5. January. 

— , Acta Physiol. Scand. 1942 b. In print. 

— , Gr.\nit, R. and Skoglund, C. E.: J. Neurophysiol. 1942. 5. 
January. 

Barron, D. H. and Matthews, B. H. C.: J. Physiol. 1938. 92. 276. 
Bishop, G. H.: Amer. J. Physiol. 1927. 82. 462. 

Blair, E. A. and Erlanger, J.: Amer. J. Physiol. 1933. 106. 524. 
VON Brucke, E. T., Early, M. and Forbes, A.: J. Neurophysiol. 
1941. 4. 80. 

Dd Bois-Eeymond: Untersuchungen iiber tierische Elektricitat. Berlin 
1849. 

Ebbecee, U.: Pfliig. Arch. ges. Physiol. 1924. 203. 336. 

Eccles, j. G., EAtz, B. and Kuefler, S. W.: J. Neurophysiol. 1941. 
4. 362. 

Eccles, J. C. and Kdffler, S. W.: J. Neurophysiol. 1941. 4. 402. 
Eichler, W.: Pfliig. Arch. ges. Physiol. 1939 a. 242. 468. 

— , Pfliig. Arch. ges. Physiol. 1939 b. 242. 557. 

ErL-Anger, j. and Blair, E. A.: Amer. J. Physiol. 1931. 99. 129. 

— , — Amer. J. Physiol. 1936. 114. 328. 

— , — , Amer. J. Physiol. 1938. 121. 431. 

Fabre, P.: C. R. Acad. Sci. Paris. 1927. 184. 699. 

— C. R. Soc. Biol. Paris. 1931 a. 108. 1248. 

C. R. Soc. Biol. Paris. 1931 b. 108. 1250. 

C. R. Soc. Biol. Paris. 1934. 116. 1065. 

— , C. R. Soc. Biol. Paris. 1936 a. 121. 25. 

C. R. Soc. Biol. -Paris. 1936 b. 121. 1097. 

— C. R. Soc. Biol. Paris. 1938. 127. 1310. 

Fessard, a.: Proprietes rythmiques de la matiere vivante. Hermann, 
Paris 1936. 2 vols. 

Gildesieister, M.: Pfliig. Arch. ges. Physiol. 1904. 101. 203. 


74 


CARL RUDOLF SKOtUiUND, 

Granit, R.: J. Physiol. 1933. 77. 207. 

— , Docuinenta Ophthalm. 1938. 1. 7. 

— , and Skoglund, C. R.: Proc. Swedish Neurol. Soc. 1911. Published 
in Nordisk Medicinsk Tidskrift 1942. 13. 138. 

— and Therman, P. 0.: J. Physiol. 1935. 83. 359. 

Gotch, F.: Schafer’s Textbook of Physiology. Pentland, London 1900 
p. 451. 

Gopfert, H. and Schaefer, H.: Pfliig. Arch. ges. Physiol. 1937. 239. 
597. 

Hartline, H. K.: Ainer. J. Physiol. 1938. 121. 400. 

— and Graham, C. H.: J. cell. comp. Physiol. 1932, 1. 277. 
Heinbecker, P., O’Leary, J. and Blshop, G. H.: Amer. J. Physiol 

1933. 104. 23. 

Hill, A. V.: Proc. Roy. Soc. 1936 B. 119. 305. 

Hodgkin, A. L.: Proc. Roy. Soc. 1938 B. 126. 87. 

Hoffmann, P.: Arch. Anat. Physiol. Lpz. 1910. 34. 247. 

IsHiMORi, K.: Pflug. Arch. ges. Physiol. 1912. 143. 560. 

Jasper, H. H. and Monnier, A. M.: j. cell. comp. Physiol. 1938. 11. 259. 
Kahlson, G. and v. Werz, R., Skand. Arch. Physiol. 1936. 74. 163. 
Katz, B.: J. Physiol. 1936. 88. 239. 

— , and Schmitt, 0. H.: J. Physiol. 1940. 97. 471, 

VON Kries, j.: Arch. Anat. Physiol. Lpz. 1884. 8. 337, 

Landolt, R. F.: Pfliig. Arch. ges. Physiol. 1941. 245. 98. 
Langenskiold, a.: Acta Physiol. Scand. 1941. 2. Suppl. 6. 

Lapigque, L.: L’e.vcitabilite en fonction du temps. Les Presses 
Universitaires de France. Paris 1926. 

— , C. R. Soc. Biol. 1937 a. 125. 256. 

— , et M; C. R. Soc. Biol. 1937 b. 125. 260. 

— , C. B. Soc. Biol. 1938. 127. 875. 

Laugier, H.: These Fac. Sci. Paris 1921. 

Lehmann, J. E.: Amer. J. Physiol. 1937. 119. 111. 

Liesse, a.: C. B. Soc. Biol. 1938 a. 127. 831. 

—, C. B. Soc. Biol. 1938 b. 128. 1193. 

I;UCAS, K.; J. Physiol. 1907. 36. 253. 

Monnier, A. M.: L’excitation electrique des tissus, Es.sai d’interpreta- 
tion physique. Hermann, Paris 1934. 

Pabrack, H. 0.; Amer. J. Physiol. 1940. 130. 481. 
pFLUGER, E.: Physiologic des Electrotonus. Berlin 1859. 

Rashevskv, N.: Protopiasma 1933. 20. 42. 

Bosenblueth, a.; Amer. J, Physiol. 1941 a. 132. 57. 

— , Amer. J. Physiol. 1941 b, 132.. 99. 

— , Amer. J. Physiol. 1941 c. 132. 119. 

Schaefer, H.; Elektrophysiologie. Band I. Franz Deuticke. Wien 1940. 
ScHRiEVER, H.; Z. Biologic. 1931. 91. 173. 

— , Z. Biologic, 1932. 93. 123. 

— , Z. Biologic. 1933. 93. 249. . • , 

— , and Cebulla, B.; Pflug. Arch. ge.s. Physiol. 1938. 241. , 1. 

Shanes, A. hi.: Proc. Soc. exp. Biol., N. h . 1940. 44. 93, 
Sherrington, C. S.: J. Physiol. 1894. 17. 211. 



nerve response to linearly increasing currents. 75 

SoLANDT, D. Y.: Proc. Roy. Soc. 1936 a, B. 119. 355. 

— , Evans’ Recent Advances in Physiology. Churchill. London 1936 b. 
p. 270. 

Suzuki, M.: Pflug. Arch. ges. Physiol. 1932. 230. 363. 

— , Pfliig. Arch. ges. Physiol. 1938. 239. 81. 

Ujirath, K.: Pfliig. Arch. ges. Physiol. 1933. 233. 357. 

Wyss, 0. A. M.: Habilit. Schrift. Zurich 1934:. 

— , Verb. Schweiz. Physiol. January 1940. p. 7. 




ACTA FHYSIOLOGICA SCANDINAYIQA 
YOL.i SUFFLEMENTUM XIII 


FROM THE DEPAETJtENTOF PHYSIOLOGY, UNIVEKSITV OF LUND, SWEDEN 


THE PART PLAYED BY THE PYLORIC 
REGION IN THE CEPHALIC PHASE 
OE GASTRIC SECRETION 

BY 

BORJE UTNAS 


LTJND 


19 4 2 




Contents. 


Previous experiments 5 

The cephalic phase of gastric secretion 5 

The gastric phase of gastric secretion G 

The intestinal phase of gastric secretion 14 

Experimental technique 16 

Operative procedure 16 

Technique emploj'ed in collecting gastric juice 16 

Technique employed in nen^e stimulation 17 

Determination of acidity 18 

Own experiments 19 

The normal process of secretion 20 

Secretion after ligation of the pylorus and its blood vessels 21 

a. Secretion after ligation around the pylorus 21 

b. Secretion after ligation of the arteries to the pyloric region 23 

c. Secretion after obstruction of the venous flow from the 

pyloric region 24 

Secretion after cocainization of the pyloric mucosa 25 

Secretion after resection of the pyloric region 28 

Secretion after disconnection of the pyloric region from the 

stomach 30 

Cross-circufation experiments 34 

Extraction of a secretagogue agent from the pyloric region 37 

The secretagogue factor and histamine 44 

Discussion 48 

Liberation of a hormone from the pyloric region 48 

The chemical nature of the pyloric hormone 49 

The mode of action of the pyloric hormone 50 

The humoral agents acting in the nervous and gastric phases may 

be identical 50 

Is the conception of a neuro-humoral mechanism in the cephalic 

phase in harmonj’^ with previous obsenmtions? 52 

Summary 55 




Previous experiments. 


Since Pavlov’s and his coworker’s fundamental work on 
gastric secretion, this is usually divided into three different 
phases, the cephalic, the gastric and the intestinal phase. The 
cephalic phase is considered to be initiated and maintained by 
impulses in the vagus nerves. The gastric and possibly also the 
intestinal phase — the nature of which is still very incompletely 
investigated — is considered to be controlled by a combined 
neuro-humoral mechanism, which sets in at the contact of the 
food with the gastric and intestinal mucosa respectively. 


The cephalic phase of gastric secretion. 

That the vagus nerves carry secretory impulses to the HCl- 
and peptic glands of the gastric mucosa was first shown by 
Pavlov and Schumov-Simanovski (1895). On sham feeding of 
gastric fistula dogs abundant gastric secretion was obtained, 
which completely ceased after bilateral vagotomy. Electrical 
stimulation of the vagus nerves in unanaesthetized gastric 
fistula dogs caused secretion of gastric juice containing HCl 
and pepsin. In experiments on spinal dogs Uschakov (1896) 
confirmed these results and also claimed to have demonstrated 
that the mucous glands were vagally innervated. 

Since these fundamental researches, the problems of the 
nervous phase of gastric secretion have been tackled only by 
a few Avorkers. Not until recent years has the study of gastric 
secretion excited by electrical stimulation of the vagus nerves 
been taken up again, in the attempt to analyze in detail the 
vagal secretory mechanism. Vineberg (1931) stimulated the 
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vagus nerves of dogs with electrical stimuli of varying intensity. 
The stronger the stimuli used, the less was the mucus and the 
higher the acidity and peptiv activity in the gastric juice. This 
was taken to indicate that the vagus nerves contained different 
fibres innervating different cytological elements of the gastric 
mucosa. Bowie and Vinebeug (1935) showed, also in dogs, that 
prolonged vagal stimulation exhausted the store of pepsinogen 
granules in the peptic glands almost completely, whereas 
histamine had no effect on the pepsinogen picture. 

In the last few years the question how the secretory impulses 
of the vagus nerves are mediated has come to the fore. The 
occurrence of a humoral transmitter has been discussed. In 
gastric juice obtained after histamine and pilocarpine Block 
and Necheles (1938) demonstrated the occurrence of a substance 
that was thought to be identical with acetylcholine. According 
to them, this argued for acetylcholine being the final stimu- 
lating factor. The view has also been put forward that hista- 
mine plays a part in the cephalic secretory mechanism. On 
vagal stimulation in dogs and cats Macintosh (1938) and 
Emmelin et al. in some of their experiments observed an increased 
histamine content in the venous blood or plasma from the 
stomach. These authors also demonstrated the occurrence of 
free histamine in gastric juice obtained by vagus stimulation. 
Babkin (1938/39) is definitely convinced that histamine plays 
a part in the cephalic phase, though he makes no suggestion 
as to the mode of its action. 


The gastric phase of gastric secretion. 

Inspired by Bayliss and Starling’s discovery of secretin in 
1902, Edkins (1906) postulated the occurrence of a hormone 
»gastrin» which he thought would play a similar part in 
stimulating the gastric phase of secretion as does secretin in 
the secretion of pancreatic juice. In extracts fi’om the mucosa 
of the pyloric and cardiac regions from dogs and cats, he was 
able -to demonstrate a factor that excited gastric secretion when 
administered intravenously to anaesthetized cats. The most 
active extracts were obtained by boiling the mucosa in water or 
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in O.i % HCl. No such factor could be extracted from the fundic 
mucosa.^ 

Since then a large number of experiments have been carried 
out in attempts to demonstrate a secretory excitant in the blood 
during gastric digestion. The results obtained are not uniform. 
In experiments on cats gastric secretion did not occur on trans- 
fusion of blood from fed to fasting animals (Lim 1923). Ivy, Lim 
and MacGarthy (1925 a) also obtained negative or doubtful 
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results with blood transfusion or cross-circulation in Pavlov 
fistula dogs. Contrary to this, by transferring defibrinated 
blood from digesting animals, Rasenkov (1925) observed secre- 
tion in fasting Heidenhain fistula dogs. On transfusion of blood 
from fasting animals however no gastric juice was obtained. 
The definite proof of the occurrence of a humoral factor was 
provided by Ivy and Farrell (1925). These authors auto- 
transplanted gastric mucosa to the mammary region of a dog 
and observed secretion in this completely denervated trans- 
plantate 1 to 3 hours after feeding the animal. In vivi-dialysis 

Mn older works- and still in many clinical investigations the term 
fundus is used to indicate the HCl and pepsin producing parts of the 
stomach. The more recent terminology as used in current papers is 
somewhat confusing. In the experimental part of this paper the nomen- 
clature given in fig. 1 is employed. 
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Fig. 2 . Diagram of the gastro-intestinal tract of a dog with a gastric 
fistula, Pavlov pouch, duodenal fistula and the stomach separated from 
the duodenum at the p}doric sphincter (from Babkin 1934). 



Fig. 3. Diagram of the gastro-intestinal tract of a dog with a gastric 
fistula, Pavlov pouch, duodenal fistula and the stomach divided into 
two parts at the bundary between the fundus and the pyloric part 

(from Babkin 1934). 

of the blood of a fed dog, Lim and Necheles (1926) observed the 
appearance of a secretory factor in the dialysate. 

The occurrence of a gastric secretorj’^ excitant in the blood 
during the gastric phase thus seems established, although there 
is uncertainty as to the origin, nature and action of this factor. 
Many facts suggest that the humoral mechanism is initiated by 
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some process in the mucosa of the pyloric region. In Pavlov’s 
laboratory it was shown long ago that in dogs with a gastric 
fistula, Pavlov pouch, duodenal fistula and the whole stomach 
separated from the duodenum (v. fig. 2), the administration of 
various food substances through the gastric fistula excited 
secretion in both the Pa^dov pouch and in the whole stomach. 
In dogs with a gastric fistula and Pavlov pouch but with the 
fundus disconnected from the pyloric region (v. fig. 3). Gross 
(1906) found that no secretion occurred if food was introduced 



Fig. 4. Diagram of the gastro-intestinal tract of a dog with a gastric 
fistula, gastro-enterostomy and an isolated pyloric pouch as used by 
Savitsch and Zelionj' (from Babkin 1934). 

through the gastric fistula. "When introduced in this way 
alcohol and histamine were the only agencies which excited 
secretion. If however the various food substances were ad- 
ministered through the duodenal fistula, gastric juice was 
secreted in the fundus. 

Gross concluded from these results that the gastric phase 
was stimulated via the pyloric region. Edkins and Tweedy 
(1909) and Savitsch and Zeliony (1913) also observed gastric 
secretion when secretagogues ^ were introduced into an isolated 
pyloric pouch (v. fig. 4). No secretion was obtained if these 

* According to Ivy, the term secretagogue will be used to designate 
those substances present in food or produced by the digestion or de- 
composition of food that excite the secretion of digestive juice by acting 
locally or by being absorbed in the blood or lymph or by causing a 
hormone to be formed. 
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substances were brought into contact only with the fundic 
mucosa. Lui, Ivy and MagCarthy (1925) were able to demon- 
strate secretion in the fundic mucosa as a result of mechanical 
as well as chemical stimulation of an isolated pyloric pouch. 
These authors were also able to induce a slight secretion in 
the fundic mucosa by direct mechanical stimulation of the 
fundus but not by chemical stimulation. Contrary to this, Ivy 
and Whitlow (1922) were unable to demonstrate any , secretion 
in the Pavlov pouch after application of various food substances 
in an isolated pyloric pouch. In similar experiments Priestly 
and Mann (1932) report doubtful or negative results, Steinberg 
et al. (1927) also obtained somewhat conflicting results. They 
observed in dogs a scanty HCl-secretion on direct application 
of meat extract to the fundic mucosa. ; 

In a large number of experiments on animals and in clinical 
investigations the gastric secretion has been studied after 
various operative procedures on the stomach. Tlie results 
obtained are very hard to analyze. Some authors give no in- 
formations about the test meal applied. In some experiments 
only the acidity, in others only the secretory volume was 
studied. In some reports the secretion is examined during 1 
to 2 hours after the test meal, in others during longer periods, 
whereas in a third group of reports no time relations whatever 
are stated. From such reports no definite information about 
the cephalic, gastric and intestinal phases of secretion in the 
stomach operated on can be obtained. 

After resection of the pyloric region in intact dogs and in 
dogs with whole stomach pouches, Wiliielmj et al. (1936) found 
a considerable decrease of secretory volume after a test meal. 
It dropped to Vo — Vo of previous values, whereas the acidity 
remained unchanged. After total resection of the pyloric region 
in dogs MacCann (1929) was unable to demonstrate any free HCl 
after a test meal. If howmver parts of the pyloric mucosa were 
spared there was no change in the acidity. 

Resection of the pyloric region in Pavlov fistula dogs was 
carried out by Sjiidt (1923), Portis and Portis (1936), Steinberg 
et al. (1927) and Shapiro and Berg (1934) and the secretion fol- 
lowing test meals studied. Smidt found a considerable decrease 
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of secretion from the Pavlov pouch, chiefly during the gastric 
phase hut also during the psychic phase. Portis and Portis 
report that after the resection no free HCl could be observed in 
the residual stomach, whereas the combined acidity was high. 
The Pavlov pouch still showed secretion. Steinberg et al. 
observed a decreased rate of secretion after the resection, 
whereas Shapiro and Berg report a decreased acidity which 
returned to normal after 3 — 6 weeks. In Heidenhain fistula dogs 
Grindley’ (1941) found that resection of the pyloric region had 
no effect on the total secretion of the pouch measured during 
the course of 24 hours after the test meal. Wangensteen et al. 
(1940) report unchanged secretcrj’- conditions in Pavlov fistula 
dogs after resection of the pyloric region. In these experiments 
gastric secretion was excited by alcohol or histamine. 

An interesting observation was made by Klein (1935). The 
secretion after a test meal in the fundic pouch of a. dog, auto- 
transplanted subcutaneously, disappeared after resection of the 
P 5 doric region. Lewis (1938) excised the mucosa of the pyloric 
region in dogs, leaving the muscular wall between the stomach 
and the duodenum intact. In four cases a marked hypoacidity 
still persisted after 8 — 10 months. In two cases where on micro- 
scopic examination slight fragments of the mucosa from the 
pyloric region were obser\md, only a slight decrease in the 
acidity occurred. 

In a clinical investigation on patients with their pyloric 
regions resected Schlti and Plaschkes (1915) found after a test 
meal free acidity in only one of six cases. In a group of 44 
patients with complete resection of the pyloric region Lorenz 
and ScHUR (1922) observed only one patient with free HCl. In 
patients with only partial resection free HCl appeared in 11 
cases out of 12. In a similar group of patients, after a Rehfuss 
test meal Keein (1927) observed a large number of cases with 
anacidity during the first 1 to 2 hours. Secretion of HCl often 
occurred at a later stage when the food had already left the 
stomach. Of sixty patients with their stomach operated on by 
various procedures, Wangensteen et al. (1940) found in patients 
with the pyloric region resected no decreased secretory response 
to alcohol and histamine. 
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The data so far derived from experimental and clinical ob- 
servations indicate definitely that gastric secretion may persist 
after resection of the pyloric region. The observations suggest 
however that this region plays an important part in controlling 
the gastric phase. Whether the humoral factor liberated from 
the pyloric region is to be regarded as a hormone or as a secre- 
tagogue is still a matter of dispute. 

Maydell (1913) like LiJi (1923) confirmed Edkins statement 
that HCl-extracts from the pyloric and the cardiac mucosa 
contained a secretory excitant, whereas extracts from the fundic 
mucosa were inactive. Popielski (1909),. like Emsmaxn (1912), 
Ehrmann’ (1912) and others showed that HCI-extracts from 
various mucous regions in the alimentarj’- canal and many tissue 
extracts induced gastric secretion on intravenous and sub- 
cutaneous administration. By various methods of extraction 
Keeton and Koch (1915), Luckhardt et al. (1920) demonstrated 
»gastrin bodies» in extracts from many tissues and organs. 

Dale and Laidlaw (1910) assumed that the active principle 
in the extracts of Popielski et al. was histamine. In 1920 Popiel- 
ski demonstrated the gastric secretory effect of histamine. The 
problem whether histamin was »the gastric hormone » became 
very absorbing. Sachs, Ivy, Vandolah and Burgess (1932) 
obtained crystalline histamine from extracts of the pig’s pyloric 
mucosa. These investigators claimed that their experiments 
offer strong evidence in favour of the view that in acid extracts 
of the pyloric mucosa histamine is the sole secretory excitant 
which is active when the extract is introduced subcutaneously. 
The authors continue, »It has not been proved that histamine 
is a gastric hormone, neither has it been proved that there is a 
gastric hormone». 

It is a remarkable fact that according to Gavin, McHenry and 
Wilson (1933) the fundic region contains most of the histamine 
of the gastric mucosa, a fact that has been confirmed in cats 
and dogs by Emjielin et al. and others. 

Koch, Luckhardt and Keeton (1920) , argue that their »gastrin 
bodies» are not identical with histamine, but seem to be a closely 
related imidazol derivate. As already pointed out by Edkins 
his preparations of »gastrin» showed vasodilator properties; the 
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secretory inactive fundic extracts exerted even stronger vaso- 
dilator effects. Working in Babkin’s laboratory quite recently 
Komarov (1938) claims to have obtained from the pyloric mucosa 
of dogs a histamine-free extract which on intravenous injection 
excited gastric secretion in cats. Active extracts were also 
derived from the duodenal mucosa, especially from the proximal 
parts, whereas extracts from the fundic or the jejunal mucosa 
were quite inactive. The active extracts showed no vasodilator 
properties. In Ivy’s laboratory these results could not be con- 
firmed (Ivy 1941)'. 

The gastric phase can be excited without the cooperation of 
extragastric nerves. In exciting the secretion local nervous 
structures however seem to play an important part. Zeliony and 
Savit.sch (1911/12) and Savitscii (1922) established that after 
cocainization of the mucosa of an isolated pyloric pouch, secre- 
tion could no longer be obtained in the fundic region on intro- 
duction of various food substances into the pyloric pouch. They 
hypothesized that on paralysing afferent nerve endings a sti- 
mulating reflex was inhibited. These investigators like Li.m, Ivy 
and MacCartuy (1923) later, showed further that the gastric 
phase was also inhibited by injection of atropine. From these 
experiments Ivy (1930) concludes that postganglionic vagal 
fibres are necessary for excitation of the gastric phase. Accord- 
ing to this author these facts suggest »two mechanisms con- 
cerned; a nervous (vascular or secretory) and a hormone, and 
that the formation of the hormone is dependent to a great 
extent on the integrity of a nervous mechanism susceptible to 
atropine. Orbeli’s (190G) results favour the view that an intact 
inner\mtion to the glands is essential for their secretory activity. 
He found that after denervation — i. e. after transformation into 
a Heidenhain pouch — a Pavlov pouch showed a successively 
decreasing secretory activity. According to Orbeli this is due 
to a diminished excitability of the glands following denervation. 
Ho atrophy of the glands could be observed on microscopic 
examination one year and nine months after the denervation. 

All these results suggest that probably a hormone as well as 
a local nervous mechanism are concerned in stimulating the 
gastric phase. According to Babkin (1938/39) the picture is 
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Still more complicated. Supported by experimental observations, 
he points out that digestive products may be absorbed into the 
blood stream and stimulate the gastric glands directly or via 
the secretory vagal centres in the brain which according to him 
are sensitive to such substances. 


The intestinal phase of gastric secretion. 

The nature of the intestinal phase of gastric secretion is still 
practically unknoAvn. This phase of secretion Avas discovered 
by Pavlov and lah co-vmrkers (Paa^lov 1898). Ivy, Lim and 
MacCarthy (1925 b)- Avorked on Avhole stomach pouch dogs, 
where direct connection Avas established betAveen the oesophagus 
and the duodenum and the AA^hole stomach formed an isolated 
pouch. 1 to 3 hours after feeding such animals secretion started 
in the isolated Avhole stomach. The oral administration of un- 
absorbable substances such as saponins also led to secretion 
Avhich could be stopped by small doses of atropine. 

The significance of the intestinal phase is stressed by Crider 
and Thomas (1932), Enderlein and Zuckschwerdt (1931), Wjl- 
HELMJ et al. (1936) etc. If in Pavlov fistula dogs the .intestinal 
phase Avas excluded by draining the gastric contents past the 
duodenum the secretion in the Pavlov pouch according to Crider 
and Thomas decreased to about Vs- 


The present experimental evidence favours the view that the 
nervous (cephalic) phase and the tAvp chemical (the gastric and 
the intestinal) phases are excited by different mechanisms, the 
former by secretory impulses via the vagus nerves, the tAvo 
latter by' a combined neuro-humoral mechanism. Some clinical 
and experimental observations hoAvever point to a more intimate 
connection betAA'een the three phases. 

Some clinicans have be.en struck by the fact that after resec- 
tion of the pyloric region the nervous phase of the gastric 
secretion disappeared (Goetze (1927), Schur and Plasokes 
(1915) and others). No explanation of this could be offered. 
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As far as we can see the role of the pyloric region in the 
cephalic phase of gastric secretion has not been examined hy 
previous workers excejd for a paper hy Stuaatkx (1923). He 
showed in dogs that the gastric secretion obtained on sham 
feeding practically disappeared after resection of the pyloric 
region. After complete resection the lack of secretion was per- 
manent, whereas following incomplete resection the nervous 
secretion gradually returned during the course of G to 8 months. 
From these results Stkaatek suggests the possibility of a com- 
mon mechanism for the gastric and the cephalic phases. 



Experimental technique. 

All experiments were performed on cats and dogs from which 
food had been withheld during the preceding 24 hours. The 
anaesthetic used was a mixture of , chloralose and urethane. 
During a short ether anaesthesia O.05 gm. chloralose and 
0.5 gm. urethane per kg. body weight were slowlj’- injected 
intravenously. Before anaesthesia the dogs received 10 mg. 
morphine per kg. body weight subcutaneously. 


Operative procedure. 

The vagus nerves were exposed in the neck from as proximal 
as possible downwards to the thorax aperture. In cats the vagi 
were separated from the sympatlietic trunks. Both vagi were 
cut, whereas the sympathetic trunks were left intact. In dogs 
the vagal-sympathetic trunks were freed and bilaterally cut. 
The trachea was cannulated. Artificial respiration was re- 
sorted to only in some experiments, where the administration 
of cocaine caused respiratory paralysis. In some experiments 
the oesophagus was ligated, in the others the animal was placed 
with its head low to prevent saliva from running down into 
the stomach. 

Technique employed in collecting gastric juice. 

After opening the abdomen a short longitudinal incision was 
made in the ventral wall of the stomach just proximal to the 
pyloric region. A glass or metal cannula to which a rubber 
tube was attached was introduced through this incision and 
tightening achieved by sutures. The tip of the cannula was 
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pushed through au incision in the left abdomen and the 
abdominal wall closed. To avoid regurgitation of intestinal 
contents the duodenum was ligated just proximal to Vater's 
ampulla. The animal was placed on its left side, the front 
half of the body somewhat higher to facilitate the outflow of 
the gastric juice. 


Technique employed in nerve stimulation. 

The vagus nerves were stimulated by platinum electrodes of 
the Palmer type. At the beginning the electrodes were always 
applied at the central end of the severed vagi and during the 
course of the experiment they were gradually moved peripherally 
to eliminate the effect of local injuries under the electrodes. 
During the experiment the nerv'es were kept moist by cotton 
pellets moistened with Tyrode solution. 

The electrical stimulus was derived from a generator yielding 
alternating current of about 40 periods per second. The intensity 
varied between some tenths of a milliampere and 3 milliamperes. 
Elijilimical alternating stimulation of the vagus nenms was 
arranged for by attaching into the circuit a metronome with a 
frequency of about one stroke per second. In cats the vagus 
nerves were stimulated continuously by this technique during 
several hours. In dogs, where the secretion decreased already 
after some minutes of stimulation, the nerves were stimulated 
for periods of 2 minutes and allOAved to rest 1 minute in between. 

The rate of secretion was generallj' measured in 15-minute 
periods. The gastric juice was tested for free and combined 
acidity. 



Determination of acidity. 

Free and total HCl were determined by titration electro- 
metrically, a potentiometer according to Prahn being used. Tlie 
indicator electrode was a fine silver rod in a thin-walled glass 
ballon filled with N/10 HCl saturated with AgCl. The other 
half element consisted of saturated KOI (HgoCla) Hg with a 
connecting linlc of saturated KCl. 

The glass electrode was mounted so that it could be raised 
and lowered during titration. During this the content was 
mixed in the titration vessel by bubbles of air from a capillary 
tube fused in the bottom of the vessel. The air was first led 
through 10 N NaOH and CaClg. The potentiometer was 
controlled several times daily against buffer solutions with 
known pH. 

Titration was carried out on 2 cc. of gastric juice with 
N NaOH from an 1-cc-burette graduated in O.oi ccs. The 
capillary point of the burette dipped into the contents of the 
titration vessel during titration. 

pH 3.5 was taken as the limit for free HCl and pH 7.4 for the 
total HCl. The HCl values were given in milli equivalents per 
litre (m. e./lit.). In 20 titrations of the same gastric juice the 
standard deviation for the determinations of free HCl amounted 
to 3.3 m. e./lit. and for those of total HCl to 4.8 m. e./lit. 


OwTi experiments. 


On sham feeding of dogs gastric juice of high acidity and 
high peptic activity is secreted -within. 5 minutes (Pavlov and 
ScnuMov-SiMANOvsKi). Contrary to this the secretory response to 
electrical stimulation of the vagus nerves is often poor and 
delayed, the juice being mucous and of low acidity (Pavlov and 
ScHUMOv-SiMANOvsKi, PTgctLVKOv, Vinebeug), Frequently the secre- 
tion docs not Sturt until 30 to 60 minutes after the beginning 
of stimulation (Usciiakov, Bowik and Vineiierg). This long 
latency is considered by Uscilvkov and by Babkin (1928) to 
indicate the existence of inhibitory fibres in the vagus nerves. 
Not until tliese fibres are eliminated due to their greater 
liability to fatigue does stimulation of the vagi cause gastric 
secretion. 

At the beginning of our own experiments difficultie.'’ were 
encountered in obtaining satisfactorj' gastric secretion on elec- 
trical stimulation of tlie vagus nerves in the cat. Attempts were 
made to investigate if this was actually diie to stimulation of 
inhibitor}' fibres as suggested by Babkin. The stimulating 
electrodes were placed in various sections of the vagi from the 
nodose ganglion downwards to just above the diaphragm. No 
secretion or only a scanty flow Avas obtained during several 
hours stimulation Avitli a current intensity of several milli- 
amperes Avliicli caused a pronounced Amgal effect on the heart. 
In a series of experiments the vagus of one side Avas cut and 
time alloAved for degeneration — it is generally assumed that 
inhibitory fibres degenerate prior to excitatory fibres. Four to 
seven days after section of the ncrAm the peripheral end of 
the vagus was stimulated. The secretory response hoAvever 
remained poor. 
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Attempts were then made to stimulate secretory fibres 
selectively by varying the strength, steepness and frequency 
of the stimulus. The amounts of gastric juice obtained however 
were poor, , 

In all these preliminary experiments a ligature was tied 
around the pylorus to prevent the regurgitation of intestinal 
contents and the escape of gastric juice into the duodenum. If 
the pylorus was left untouched and the ligature tied around 
the duodenum just proximal to Vater’s ampulla, large quantities 
of gastric juice were obtained on vagus stimulation. This 
observation was the impetus to the experiments now to be 
described. 

The normal process of secretion. 

In almost all experiments the stomach of fasting anaesthetized 
animals contained gastric juice in varying quantities. In cats 
the content was seldom less than 1 to 2 cc. Usually it amounted 
to about 5 cc. and in exceptional cases to over 10 cc. The 
juice was watery and the acidity was generally low. The 
stomach of the dogs also contained gastric juice in quantities 
usually amounting to several tens of cc. 

On vagus stimulation with a latency of only a few minutes 
gastric juice emerged from the cannula. During the stimulation 
the rate of secretion increased successively and usually reached 
its maximal value 15 to 30 minutes after the beginning of the 
stimulation. From then onwards abundant secretion could be 
maintained during several hours’ stimulation. Thie secretion 
showed great individual variations. Fig. and table I demon- 
strate some characteristic features of the course of secretion. In 
this experiment the secretion differs from the usual standard 
type in that during the first 15 minutes it was unusually 
abundant. It is seen from this figure that abundant secretion 
can be maintained during nearly five hours’ stimulation and 
that the speed of secretion decreases somewhat during the 
later stage of the experiment. 

The first drops of gastric juice were often mucous and the 
acidity in the first portion of gastric juice was low. Not until 
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about 30 minutes after the stimulation, was started did the 
acidity rise to a level that was afterwards maintained relatively 
unchanged during the whole process of secretion. During the 
course of several hours’ stimulation the acidity showed a 
tendenc5'' to decrease. 


Secretion after ligation of the pylorus and its blood 

vessels. 

a. Secretion after ligation around the pylorus. 

The blood supply to the pyloric region is derived from 
arteries running along the curvatures. These blood vessels 

HCL 



Fig. I. Cat. Gastric secretion during stimulation o£ vagi (for details see 

table I). 

usually join the curvatures at or close to the pylorus. The 
observed inhibitory effect of the pyloric ligature may be due 
to obstruction of the blood supply to the pyloric region. 

In a series of experiments the ligature was tied around the 
pylorus so as to include the arteries supplying the pyloric 
region. Fig. and table II show an experiment of this type, 
where the ligation was first tied closely proximal to Vater’s 
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ampulla. During , tJie course of two hours, vagal stimulation 
resulted in secretion of about 30 cc. The ligature was now 
removed and the pylorus with its arteries ligated. After this 
procedure stimulation during 2 hours did not produce even 1 cc. 



Fig. II. Cat. Gastric secretion during stimulation of vagi before and after 
ligature around pylorus and adjacent arteries (for details see table II). 



Fig. III. Cat. Gastric secretion during stimulation of vagi before and after 
ligature around pylorus and adjacent arteries. At a later stage the 
ligature was removed and following this, only the adjacent veins were 
ligated (for details see table III). 

juice. lu 4 experiments of this type, where vagal stimulation 
excited abundant secretion of waterj’^ acid juice, the secretion 
stopped entirely or declined to an insignificant amount after 
ligation of the pjdonis and its arteries. The scantily secreted 
juice was highly mucous. 

In fig. and table III one more experiment of this type is 
shown. During about 1 hour’s stimulation of the vagi circa 
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18 cc. watery juice were secreted. After tying the ligature 
about the pylorus not much more than 1 cc. of mucous juice 
was secreted during a further hour’s stimulation. On removing 
the ligature the rate of secretion rose again. A second experi- 
ment on another cat gave similar results. 

In all experiments but one — at present more than 70 — 
where the ligature was tied closely proximal to Vater’s ampuUa, 
abundant gastric secretion was obtained on stimulating the vagi. 


b. Secretion after ligation of the arteries to the pyloric region. 

Tile two main arteries supplying the pyloric region are 
branches of the hepatic artery. In two cats where the two 



Fig. 5. Schematic representation of the arterial blood supply to the 
pyloric region in the cat. 


arteries left the hepatic artery witli a common trunk this was 
ligated (v. fig. 5). Before ligation abundant secretion of watery 
acid juice was obtained. . In the experiment shown in fig. and 
table IV during the first hour of stimulation 37.5 cc. were 
secreted. After ligature of the arterial trunlv the secretion 
decreased abruptly and during the following hour only circa 
8 cc. juice were secreted. Coincidently with the decrease the 
juice changed character and became highly mucous and poor 
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in HCl. During the later course of stimulation the juice again 
became less mucous and the acidity rose. 

c. Secretion after obstruction of the venous flow ^from the 

pyloric region. 

Similar results were obtained on obstruction of the venous 
flow from the pyloric region (v. fig. and table III). After one 
hour’s stimulation during which 13.6 cc. watery juice were 



Fig. IV. Cat. Gastric secretion during stimulation of vagi before and 
after ligation of arteries to pyloric region (for details see table IV). 

secreted, the veins of the pyloric region Avere ligated close to 
the pylorus. The secretion then decreased considerably, and 
during the following hour only 4.i cc. juice was obtained. 
Having been waterj'’ and strongly acid, the juice became 
mucous and poor in HCl after tying the veins. Another experi- 
ment of this type is shown in fig. and table V. On stimulation 
of the vagi during 2 hours circa 19 cc. gastric juice AA'ere 
secreted. After obstruction of the veins with an arterial clip 
the secretion decreased and amounted to only 3.i cc. during 
1 hour’s stimulation. On opening the veins the secretion rose 
to double. The gastric juice secreted prior to the venous 
obstruction was of relatively high acidity. After venous 
obstruction the acidity declined and again rose in opening the 
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veins. In a third experiment of this type secretion stopped 
altogether after ligation of the veins. 

The mucosa of he pyloric region in cats and dogs contains only 
a relatively small number of HCl- and peptic glands. According 
to Lim (1922) in a zone 35 mm. broad reckoning from the 
pylorus, there exist in cats only »p3doric» cells and outside this 
boundary a graduaT transition to a parenohjona containing HCl- 
and peptic glands is seen. Obviousl}’^ the obstruction of the 



Fig. V. Cat. Gastric secretion during stimulation of vagi before and after 
ligation of veins from pyloric region (for details see table V). 

pyloric vessels is not likely to interfere appreciably ivith the 
blood supply of the HCl- and peptic cells. 

From these experiments we hypothesized that in the pyloric 
region some stimulating agent is liberated into the blood stream 
during stimulation of the vagi. 


Secretion after cocainization of the pyloric mucosa. 

Zeliony and Savitscii were able to excite secretion in the 
fundic mucosa by introducing various substances into an 
isolated pyloric pouch. After cocainization of the pyloric region 
there was no secretion in the fundus. 
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In a series of . experiments we cocainized the pyloric mucosa 
in cats and stimulated the vagi. After a period of vagal stimula- 
tion the abdomen was opened, the gastric cannula was removed, 
and the pyloric mucosa was rubbed \nth. a 2 % cocain solution 
during about 5 minutes. The mucosa was then wiped dry, die 
gastric cannula again inserted, and the vagal stimulation 
resumed. Fig. and table VI show an experiment of this type. 
The vagi were stimulated during 60 minutes and about 16 cc. 
of acid watery juice obtained. After cocainization of the pyloric 



Fig. VI. Cat. Gastric secretion during stimulation of vagi before and after 
cocainization of pyloric mucosa (for details see table VI). 


mucosa the vagi were again stimulated after a resting period 
of 45 minutes. Although the strength of the stimulating current 
was increased .from 0.5 m. a. to 2 m. a. only a few drops of 
mucus were secreted during the next 3.5 hours. Later on the 
secretion again increased; not until 6 hours after the cocainiza- 
tion did the rate of secretion return to normal. 

Experiments of this type were performed in 20 cats. The 
results were quite uniform. Usually 2 % or 3 % cocaine solution 
was used. In some cases, where an initial treatment with 2 — 3 % 
solution was ineffective, the secretion stopped after an addi- 
tional treatment with 5 % cocaine. Further data from these 
experiments are presented in figs and tables XIII, XIV, XVI, 
XVIII, XIX and XXI. 

In 2 experiments cocainization of the pyloric region did not 
interfere with the secretory effect of vagal stimulation. 

Cocaine does not obstruct the secretory mechanism by 
paralysing the HCl- and peptic cells. This is evident from 
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experiments yet to be described, where histamine and other 
active agents caused secretion in cats after cocainization of 
the pyloric mucosa. A considerable absorption of cocaine 
actually occurs however from the pyloric region; in some 



Fig. VII. Cat. Gastric secretion during stimulation of vagi before and 
after injection of cocaine intramuscularly (for details see table VII). 

experiments respiratory paralysis resulted and the animal died, 
if artificial respiration was not resorted to. It was difficult to 
evaluate how much of the cocaine entered the blood stream 
after cocainization of the pyloric mucosa. In order to get some 
information about the effect of cocaine on gastric secretion 
the vagi were stimulated after cocaine had been injected 
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intramuscularly. One of these experiments is shown in fig. and 
table VIIj, where after 45 minutes’ stimulation 30 mg. cocaine 
was given intramuscularly. The cat became asphyctic and the 
gastric secretion decreased. On initiating artificial respiration 
the secretion increased to almost the previous rate. After a 
second dose of 60 mg. cocaine intramuscularly, the secretion 
again decreased and symptoms of serious intoxication occurred. 
Three experiments of this kind shoAved that injection of cocaine 
in doses sufficient to cause respiratory paralysis only slightly 
diminish the secretory response to vagus stimulation. 



Fig. VIII. Cat. Gastric secretion during stimulation of vagi before and 
after resection of pyloric region (for details see table VIII). 


From these experiments it seems justifiable to conclude tliat 
the inhibitory effect of cocaine Avhen applied to the pyloric 
mucosa is of local origin. These experiments support the idea 
that on vagus stimulation some active agent is liberated in the 
pyloric region. Strong evidence supporting this theory is 
presented in the following experiments. 


Secretion after resection of the pyloric region. 

In a first group of experiments the pyloric region was 
re.sected in cats. The resection included a distal part of the 
stomach from clo.sely proximal to incisura angularis to just 
distal to the pylorus. Fig. and table VIII show an experiment 
of this type. Before the resection vagal stimulation during GO 
minutes yielded 9.8 cc. gastric juice, and during a second period 
of stimulation S.-a cc. were obtained. After resection of the 
pyloric region the secretion decreased considerably. Stimula- 
tion during 60 minutes gave only I .7 cc. juice, and during a 
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furtJier 90 minutes onlj- 2.s cc. were secreted. Completely 
uniform results were obtained in all (9) experiments. After 
resection of the pyloric region the secretion abruptly decreased 
in all cases to only some tenths of a cc. per 15 minutes. Some 
of these experiments are represented in figs and tables XY 
and XXII. 



Fig. IX. Dog. Gastric secretion during stimulation o£ vagi before and 
after resection of pyloric region (for details see table IX). 


The effect of pyloric resection was still more dramatic in 
dogs. In the experiment seen in fig. and table IX abundant 
secretion persisted during 2 hour’s stimulation. After resection 
of the pyloric region secretion decreased to a negligible amount, 
and the gastric juice completely changed character. The juice 
contained no free HCl and was of a high stringy mucous con- 
sistency. Identical results were obtained in 4 other dogs. Two 
of these experiments are seen in figs and tables XVII and XX. 
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The depressing effect of pyloric resection can not be due 
simply to a reduction of the HCl- and pepsin secreting area, 
since this is only slightly encroached upon by the operation. 
At the utmost a quarter of the total gastric mucosa is removed 
by the resection. Neither can the depressing effect be due to 
operative traumata. This is clear from the experiment referred 
to in fig. and table IX. Tliis animal was an old gastric fistula 
dog on which immediately prior to the actual experiment the 



Fig. 6. Technique employed in disconnecting the pjdoric region from 

the stomach. 

fistula was extirpated, an operation involving traumata at least 
as long and severe as the resection at a later stage of tlie 
pyloric region. In a second experiment a Pavlov fistula dog 
was used. In both these dogs very abundant secretion was 
obtained on vagus stimulation after resection of the minor 
pouches before resection of the pyloric region. 


Secretion after disconnection of the pyloric region from 

the stomach. 

In 5 experiments on cats and 1 on a dog the secretion was 
investigated after disconnection of the pyloric region from the 
stomach. This was carried out by a circular incision through the 
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lip. 7. Drawing.s ilhiFtmtinp the fornintion and distribution of the anterior 
’(ventral) and posterior (dor.sal) vnpal trunks in the cat. The anatomical 
arrangement in tlie dog is similar, (I) anterior, (2) posterior. A, right 
vagus. B., left vagus. C, anterior vagal trunk. D, posterior vagal trunk. 
E., hepatic branch. F, gastric branches. G, coeliac division. H, gastric 
division. I, jiyloric branch. (From MacCrea ]92o.) 


3 ? 



Fig. X. Cat. Gastric secretion during stimulation of vagi before and after 
disconnecting pyloric region from stomach (for details see table X). 

whole Stomach wall just proximal to incisura angularis (v. 
fig. 6). The incision was prolonged through the lesser omentum 
in order to sever the vagal pyloric fibres which may cross that 
region (McCrea 1923 v. fig. 7, Stiemens 1934). 

In all experiments the secretory response to vagus stimu- 
lation declined after disconnection of the pyloric region from 
the stomach. In one experiment, where tlie rate of secretion 
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was rather low, it dropped to zero after the disconnective 
operation. In all the other experiments a considerable secretion 
was still obtained during stimulation of the vagi. In three of 
the experiments the juice acquired a pronounced mucous 
character after the »denervation». This change however was 
transient. During later stages of vagus stimulation after 



Fig. XL Cat. Gastric secretion during stimulation of vagi before and 
after disconnecting pyloric region from stomach. At a later stage the 
pyloric mucosa was cocainized (for details see table XI). 

»denervation» of the pyloric region the juice again became 
watery. In all experiments tlie acidity remained high after 
» denervations. Fig. and table X show an experiment of this 
type. 

In twe experiments the mucosa of the disconnected pyloric 
region was cocainized. The persistent secretion then disappeared 
completely" (v. fig. and table XI). In a third experiment the 
disconnected pyloric region w’as resected and following this 
the secretion disappeared almost completely. 

Only' one experiment of this ty"pe w"as performed on a dog 
(fig. and table XII), After disconnection of the pydoric region 
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Fig. Xll. Dog, Gastric secretion during stimulation of vagi before and 
after disconnecting pyloric region from stomach 
(for details see table XII). 



Fig. Xm. Cat. no. 1.. Pyloric mucosa was cocainized. Gastric secretion 
during stimulation of vagi and intravenous injection of venous blood 
from stomach of cat no. 2. Following this, extract from cat’s pyloric 
mucosa was injected intravenously. Cat. no. 2. Venous blood was drawn 
from stomach during stimulation of vagi (for details see table XIII). 

3 
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the secretion became highly mucous in character.. During the 
later course of the stimulation tlie juice again became watery 
and acid as the rate of secretion increased. 

The characteristics of the secretion in the animals aftei- 
disconnecting the pyloric region from the stomach thus diffei' 
from those observed after pyloric resection. The experiment.^; 
further support the idea tliat the gastric secretion during 
.stimulation of the vagi is secreted by co-operation of smne 
factor emanating from the pyloric region and brought to the 
gastric glands via the blood stream. 


Cross-circulation experiments. 

The definite proof of a hormonal mechanism within the cephalic 
phase of gastric secretion would be provided by the demonstra- 
tion of a gastric secretory excitant in the blood stream during 
vagal stimulation. Experiments dealing with this problem will 
now bo described. 

In the experiment shown in fig. and table XIII a cat was 
prepared in the following way. After an adequate gastric 
secretion had been observed on vagal stimulation during 30 
minutes a cannula was inserted into the superior mesenteric vein 
distally to the inflow of the gastro-splenic vein and with its ti]) 
pointing towards the portal vein. A ligature was placed around 
the portal vein and during vagal stimulation the blood flow was 
obstructed by pulling the ligature. By this procedure the venous 
flow from the stomach was diverted to the venous cannula. 
Clotting was prevented by previous injection of heparine. 

In a second cat the pyloric mucosa was cocainized. After the 
cocainization only a negligible amount of congo-negative gastric 
juice was obtained during 45 minutes’ vagal stimulation. During 
continued stimulation 40 cc. venous gastric blood from the fir.^Jt 
cat. withdrawn during vagus stimulation, were slowly injected 
into the iliac vein. The gastric secretion tended to increase and 
the juice became congo-po.sitive. After injection of a further 
30 cc. blood the secretion increased markedly. 

This result indicated that a gastric secretory excitant might 
be liberated and alxsorbed into the blood stream during vagal 
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Stimulation. A further support for this view was obtained from 
cross-circulation experiments, one of which is shown in fig. and 
table XIV. In this experiment the pyloric mucosa of a cat (donor) 
was cocainized. After this the blood supply of a second cat's 
stomach (recipient) was arranged in such a way that the donor's 
carotid artery was anastomosed with the recipient’s coeliac 
artery and the recipient’s superior mesenteric vein with the 



l^ig. XIV. Cross-circulation experiment. Gat no. 1 (donor), cat no. 2 
(recipient). Cross-circulation established after coc.ainiz.ation of the donor’s 
pj’loric mucosa. Gastric secretion of donor cat during vagal stimulation; 
during a definite period the vagi of the recipient cat were concomitantly 
stimulated (for details see table XI^O- 

donors jugular vein. The portal vein and the hepatic artery of 
the recipient cat were ligated in the duodeno-hepatic ligament. 
Since the superior mesenteric vein was ligated distally to the 
inflow of the gastro-splenic vein, the venous outflow from the 
recipient’s stomach was diverted to the donor’s jugular vein. In 
both animals clotting was prevented by heparine. 

The recipient’s stomach being connected with the circulation 
of the donor, the vagus nerves of the latter were stimulated. 
During 45 minutes’ stimulation only a scanty flow of congo- 
negative juice was secreted. When however the recipient’s 
vagus nerves were also stimulated, the gastric secretion in the 
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stomach of the donor increased considerably and free acid 
appeared in the juice. The acidity even reached a higher level 
than previously. When the stimulation of the recipient’s vagus 
nerves Tvas stopped, the secretion dropped in spite of continued 
stimulation of the donor. 

Six cross-circulation experiments of this type were performed. 
In some experiments the procedure was somewhat modified. 



Fig. XV. Cross-circulation experiment. Cat no. 1 (donor), cat no. 2 (recipient). 
Cross-circulation established after resection of donor’s pyloric region. 
<3a8tric secretion of donor cat during vagal stimulation ; during a definite 
period the vagi of recipient cat were concomitantly stimulated (for details 

see table XV). 

The recipient’s venous gastric blood was collected in a vessel 
and slowly injected into the donor’s iliac vein. By this 
technique the venous flow from the recipient and the inflow to 
the donor could be controlled, avoiding abrupt changes in the 
blood flow. The recipient’s spleen was resected in order to 
obtain pure gastric blood. 

In three cases the donor died before the experiment was 
completed. In these experiments a definite initial secretion of 
water}' acid gastric juice was observed in the donor on 
stimulation of the vagus nerves of the recipient. In three other 
experiments, two were made after cocainization and one after 
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resection of the donor’s pyloric region. This experiment is 
demonstrated in fig. and table XV. After resection of the 
pyloric region of the donor cat and after the establishment of 
cross-circulation only a few tenths of cc. were secreted during 
30 minutes’ vagal stimulation. During concomitant stimulation 
of the recipient’s vagus nerves, the secretion rose, to decrease 
again when this stimulation was interrupted. 

These experiments strongly favour the view that a gastric 
secretory excitant is liberated into the blood stream during 
vagus stimulation. Under the given experimental conditions 
and with the support of our previous results, the pyloric region 
must be regarded as the origin of this factor. The liberation 
into the blood of the humoral agent seems to be under control 
of the central nervous system, since secretion is only excited 
if the recipient’s vagus nerves are stimulated. 

In three experiments, one of which is seen in table XV, where 
the venous outflow from the recipient’s stomach was measured, 
the rate of flow increased on vagal stimulation. This increase 
is obviously due to dilatation of the vessels of the stomach. 
Tliere is no reason to believe that the increased delivery of 
gastric venous blood to the donor is in itself sufficient to 
promote secretion. 

Extraction of a secretogogue agent from the pyloric mucosa. 

Attempts were made to demonstrate a gastric secretory 
excitant in the pyloric mucosa. The tissue was extracted by 
using a technique devised by Kojiarov (1938). Gastric mucosa 
from cats and dogs — in a few experiments from pigs — was 
used. 

The gastric mucosa from the pyloric or corpus region of a 
freshly-killed animal was excised. The mucosa was minced with 
scissors and boiled together with 10 volumes N/10 HCl, and 
partially neutfalized with N NaOH so that it remained only 
slightly acid to congo. After cooling the mixture was cen- 
trifuged, the supernatant fluid filtered through cotton wool, 
and the filtrate precipiated with 10 % trichloracetic acid. The 
precipitate was centrifuged and washed 3 times with 40—50 
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volumes of 10 % trichloracetie acid in saline, twice with 50 
volumes of acetone, once with benzene, and twice with ether, 
and dried at 37° C. 

Usually the extracts were made from 5 — 10 gm. moist mucosa 
yielding 25 — 50 mg. dry residue. On dissolving this quantity 



iMg. XVI. Cat. Gastric secretion during stimulation of vagi before and 
after cocainization of pyloric mucosa. Following this, extracts from cat’s 
pyloric and corpus mucosa were injected intravenously; during definite 
periods the vagi were concomitantly stimulated 
(for details see table XVI). 

in 20 — 30 cc. Tj^rode solution an opalescent fluid was obtained. 
The extracts were slowdy injected into the iliac vein at a rate 
of 0.4 cc. per minute. 

The extracts were tested on animals with their pyloric region 
cocainized or resected. In tests on cats 16 extracts from cat’s 
pyloric mucosa all showed activity. In a few experiments the 
-secretory effect was only slight, but in the rest abundant secre- 
tion was obtained. Contrary to this, 11 extracts from cat’s 
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rig. XVII. Dog. Gastric secretion during stimulation of vagi before and 
after resection of pyloric region. Following this extracts from canine 
pyloric mucosa were injected intravenously. During definite periods the 
vagi were concomitantly stimulated (for details see table XVII). 
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Fig. XVIII. Cat. Gastric secretion during stimulation of vagi before and 
after cocainization of pyloric mucosa. Following this, extracts from pig's 
pyloric mucosa was injected intravenously. The vagi were concomitantly 
stimulated (for details see table XVIID. 

corpus mucosa were all inactive (w'ith the possible exception of 
the corpus extract no. 2, v. fig. and table XVI). An experiment 
of this type is seen in fig. and table XVI. In this experiment 
the secretory response to vagal stimulation practically dis- 
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appeared after cocainization first with 3 % and then with 5 % 
cocaine solution. The extracts were then injected during con- 
comitant stimulation of the vagi. The injection of an extract 
from pyloric mucosa (p. extr.) was followed by an abundant 
secretion. Two extracts from corpus mucosa (c. extr. no. 1 and 2) 



Fig. XIX. Cat. Gastric secretion during stimulation of vagi before and 
after cocainization of pyloric mucosa. Following this, extract from cat’s 
pyloric mucosa was injected intravenously; during definite periods the 
vagi were concomitantly stimulated (for details see table XIX). 

were both inactive (there may have been a very slight activity in 
c. extr. no. 2). 

Four extracts from canine pyloric mucosa rvere active when 
tested on dogs. As sliowm in fig. and table XVII injection of 
pyloric extract (p. extr. no. 1) caused a secretion as abundant 
as that before the resection of the pyloric region. A second 
pyloric extract (p. extr. no. 2) w’as less active. One extract 
from canine pyloric mucosa was found to be active when tested 
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on a cat. Fig. and table XVII.T show the secretory response to 
a pyloric extract from pig when injected into a cat. 

Considering Komarovs report, it is not surprising that injec- 
tion of pyloric extracts caused gastric secretion. The following 
observations, however, are on quite a different line from those 
of Komarov. In the experiment shown in fig. and table XIX 
the pyloric mucosa of a cat was cocainized and the vagi 
stimulated. After the injection of pyloric extract abundant 
secretion occurred. The secretion persisted circa 15 minutes 
after the end of the injection. It then stopped almost completely 
in spite of continued vagal stimulation. After 30 minutes’ rest, 
pyloric extract was again injected without stimulation of the 
vagi. During 30 minutes only a few tenths of cc. were secreted. 
If, however, the vagi were stimulated concomitantly with the 
slow injection of pyloric extract, an abundant flow of gastric 
juice occurred. 

The observation that secretion was only excited by the 
simultaneous influence of pyloric extract and vagal impulses 
was confirmed in 6 experiments on cats and 4 on dogs. One 
experiment on a dog is seen in fig. and table XX. In this 
experiment, . after resection of the pyloric region, only a thick 
mucus was secreted during stimulation of the vagi. Infusion 
of pyloric extract no. 1 alone during 30 minutes caused no 
increase of secretion. After vagal stimulation also had been 
applied, however, the acidity increased and the juice became 
more watery. Injection during 30 minutes of a second extract 
(p. extr. no. 2) caused only a scanty secretion. On application 
of vagal stimulation the secretory rate rose quickly. In all 
experiments in which gastric secretion was excited by con- 
comitant nerve stimulation and injection of extract the secre- 
tory response to vagal stimulation still remained for a time after 
the end of injection. The secretion generally remained abundant 
during the first 15 minutes, and then declined. After 45 minutes 
the secretion was again on the same low level as before injection. 

In some experiments the injection of pyloric extracts alone 
caused secretion. This secretion was generally of low rate and 
increased strongly after application of vagal stimulation. The 
increase in rate of secretion was of such an order that it could 



42 


ISOlUE UVXAS 


not be due simply to summation of the poor secretory effects 
of nerve stimulation and extract if applied separately; nor could 
it be due to the motor effect of vagal stimulation. This could 
be excluded because of the fact that in most of the experiments 



I'ig. XX. Dog. Gastric secretion during stimnlation of vagi before and 
after resection of pyloric region. Following this, extracts from canine’s 
pyloric mucosa were injected intravenously. During definite periods the 
vagi were concomitantly stimulated (for details see table XX). 

there was a latency of about 15 minutes between the applica- 
tion of the simultaneous stimuli and the onset of the secretory' 
response. In addition it was always controlled in these experi- 
ments that no gastric content had stagnated before the beginning 
of stimulatiom 

In two experiments on cats, a considerable secretion was 
observed already during the injection of pyloric extracts. In 
one of these experiments (fig., and table XXI) secretion rose 
strongly on vagal stimulation. In the second (fig. and table 
XXII) no obvious increase of the secretory volume was observed, 
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Fig. XXL Cat. Gastric secretion during stimulation of vagi before and 
after cocainization of pyloric mucosa. Following this, extracts from cat’s 
pyloric and corpus mucosa were injected intravenously; during definite 
periods the vagi were concomitantly stimulated 
(for details see table XXI). 
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Fig. XXU. Cat. Gastric secretion during stimulation of vagi before and 
after resection of pyloric region. Following this, extracts from cat s pyloric 
and corpus mucosa were injected intravenously; during definite periods the 
vagi were concomitantly stimulated (for details see table XXII). 
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even though under the influence of vagal stimulation secretion 
tended to reach its maximum quicker. 

At the present time no explanation can be offered of the fact 
that in some experiments injection of extracts alone is sufficient 
to excite gastric secretion, whereas in other experiments addi- 
tional vagal stimulation is necessary. A more detailed analysis 
of these observations has been postponed, awaiting the results 
of experiments now in progress to obtain the agent in the pure 
state. The differences in the secretory effect are possibly due 
to different concentrations of the active principle in the various 
extracts.^ The possibility that two different active principles 
are concerned cannot however be rejected at this stage. 


The sccretagoguc factor and histamine. 

Komarov claims that the active principle extracted by him is 
histamine-free. We have estimated the histamine activity of 
the pyloric extracts, using the guinea pig’s small intestine and 
the cat’s blood pressure as tests. 

11 pyloric extracts and 5 corpus extracts from cats and 4 
pjdoric extracts from dogs were tested for their histamine 
content. As will be seen from the table p. 45 the highest 
observed histamine activity in pyloric extracts corresponds to 
0.12 y histamine base per cc. When injecting 0.4 cc. pyloric 
extract per minute into a cat Aveighing 3 kg., O.oie y histamine 
per kg. and minute are administered. In our experience as well 
as that of others (Emmelin et cZ. 1941) this histamine dose is far 
below the amount necessary to excite gastric secretion. In cats 
0.5 — 1 y per kg. and minute causes only a scanty flow. In 
unanaesthetized dogs Ivy and Javois (1925) observed gastric 

‘ It should be pointed out that some of the extracts showed a remark- 
ably high activity. In the experiment shown in fig. and table X\ni the 
quantity of dry substance (p. extr. no. 1) amounted to only about 10 mg. 
This was dissolved in 20 cc. Tyrode solution and injected at a rate of 
Om cc. per min. As the dog weighed 11.5 kg., less than 20 •/ crude extract 
per kg. body-weight and min. was injected. During this injection vagus 
stimulation caused a secretion as abundant as before resection of the 
dog’s pyloric region. 
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secretion during intravenous injection of O.0027 mg. per kg, and 
minute. In order to obtain a secretion corresponding to that 
which we observed on injection of active extracts, at least 5 y 
histamine per kg, and minute was required. Thus the activity 
of the extracts cannot possibly be due to histamine, this being 
already evident from the fact that the inactive corpus extracts 
showed more histamine activity than the active pyloric extracts. 


Histamine content in mucosal extracts. 
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Three pyloric extracts were tested for their histamine activity 
on the anaesthetized cat’s blood pressure. Contrary to histamine, 
which caused a marked fall in blood pressure, the injection of 
from 0.1 to 2 cc. of pyloric extracts caused no fall in blood 
pressure. An experiment of this type is seen in fig. 8. 

It has been shown in man and in dogs (Wangensteen et al. 
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Fig. 8. Cat 3.2 kg. anaesthetized with chloralose-urethane. Blood pressure 
response to intravenous injection of histamine and active pyloric extract 
(p. extr. no. 1 as used in exp. seen in table XVII). Time in minutes. 



Fig. XXIII. Cat. Gastric secretion during intravenous injection of histamine 
before and- after resection of pyloric region (for details see table XXIII). 

1940 and others) that histamine e.xcites gastric secretion even 
after resection of the pyloric region. Wangensteen et al., however, 
report that after extensive resections of the stomach in man 
histamine did not excite gastric secretion, although HCl-secreting 
parenchyma was still present in the stomach. In our own 
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I'ig. XXIV. Cat. Gastric secretion during stimulation of vagi before and 
after resection of pyloric region. Histamine was slowly injected intra- 
venously; the vagi wore stimulatod during later stage of injection ifor 
details sec table XXIV'. 


experiments cocninization or resection of the pyloric region did 
not alter the secrctorj' effect of histamine (v. fig. and tahh* 
XXIII). 

In a series of experimentvS the effect of concomitant injection 
of histamine and vagal stimulation on animals with their pyloric 
region re.sected was investigated. If histamine was slowly 
injected in amounts just sufficient to cause a scanty flow of 
gastric secretion, the rate of flow did not increase when vagal 
.stimulation was superimposed (v. fig. and table XXIV). 

It lias not been our intention in this work to study in detail 
the biochemical properties of the active jirinciple in the pyloric 
extract. These problems ■will be delt with in later papers from 
this laboratory. The following fact has been ascertained: the 
activity of the dry residue from pyloric extracts does not 
dimini.sh appreciably if kept in the ice box during a month: if 
it is dissolved in Tyrode solution of slight acid reaction and 
cept cold, the activity does not deteriorate within 14 days. 



Discussion. 


Liberation of a hormone from the pyloric region. 

From the experiments described in this paper it is evident 
that the pyloric region plays an important part in the cephalic 
phase of gastric secretion. After interference with the function 
of this region the HCl-secretion during stimulation of the vagi 
decreases considerably or ceases completely. This fact, as also 
the demonstration of a gastric secretory excitant in extracts 
from pyloric mucosa but not in those from corpus mucosa, 
strongly favour the idea of a humoral mechanism. This con- 
ception is strongly supported by cross-circulation experiments 
where a secretory excitant is demonstrated in the venous flow 
from the stomach during vagal stimulation. 

Since Edkins (1906) presented the gastrin theory, which was 
modified and extended in a large number of later works, the 
idea has been generally accepted that the gastric phase of 
secretion is regulated by a combined neuro-humoral mechanism 
(Ivy 1930). By the contact of the food with the gastric mucosa 
a secretorj’- excitant is supposed to be liberated into the blood 
stream. The majority of investigators assume that the mucosa 
of the pyloric region is more important than the corpus mucosa 
in this process, although this idea has not been generally 
accepted. 

Some recent investigations (T^im, Ivy and McCarthy 1925, 
Steinberg et al. 1927 etc.) support the idea that HCl-secretion 
can be excited without co-operation of the pyloric region. It 
must be pointed out that Edkins already demonstrated a 
secretory excitant in extracts from cardiac mucosa, Tlie 
importance of this region for the persistence of gastric secretion 
after resection of the pyloric region has not been taken into 
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account in later experiment-al works. The similar anatomical 
structure of the mucosa of the cardiac, pyloric and duodenal 
regions indicates a common . function. 

Although a humoral mechanism is generally accepted, there 
is no agreement as to whether the humoral agent is a hormone 
liberated from the gastric mucosa or a secretagogue derived 
from the food during digestion. The inherent difficulty of this 
problem lies in the fact that the food or digestive products 
introduced into the stomach maj^ themselves stimulate the 
gastric glands after having been absorbed into the blood stream. 
There are, however, definite facts pointing to the active agent’s 
being of hormonal nature. Savitsch and Zeliony (1913) observed 
gastric secretion on introduction of soap- and acetic acid solu- 
tions into an isolated pyloric pouch. It is very doubtful if these 
substances are absorbed into the blood stream (Babkin 1928). 
Zeliony and Sa\ttsch (1911/12) report that cocaine applied 
locally to the isolated pyloric pouch mucosa inhibited the 
secretory effect of food and digestive products. Lim, R^y and 
McCarthy (1925) were able to excite secretion in the fundus 
by mechanical stimulation of the mucosa in an isolated pyloric 
pouch. 

The humoral agent intervening in the cephalic phase cannot 
be derived from food or digestive products. All our experiments 
have been carried out on fasting animals with empty stomaclis. 
It seems justifiable to conclude that the secretory excitant of 
the cephalic phase is of a hormonal nature. 

The chemical nature of the pylorical hormone. 

Previous attempts to isolate the gastric hormone delt mainly 
with protein-free extracts of gastric mucosa. The active agent 
in these extracts has been considered by some to be histamine 
(Sachs, Ivy, Burgess and Vandolah (1932) and others) or a 
substance similar to histamine (the gastrin bodies of Koch, 
Luckhardt and Keeton). Gamn, McHenry and Wilson (1933) 
showmd that the fundic mucosa contained greater quantities of 
histamine than the pyloric mucosa. This fact was later confirmed 
by other investigators. Since the gastric phase is excited mainly 
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via the pyloric mucosa, these facts do not favour that histamine 
is the gastric hormone. 

In contrast to earlier investigators, Komarov hypothesized 
that the gastric hormone is a protein possibly similar to 
secretin. He investigated the protein fraction of the mucosal 
extracts and claims to have demonstrated a gastric secretory 
excitant. 

We have confirmed this statement, since our extracts are 
histamine-free or of very low histamine activity. Probably the 
active factor is a protein. Whether it is related chemically to 
secretin will probably be evident from experiments proceeding 
in this laboratory. 

The mode of action of the pyloric hormone. 

Our experiments show that only in combination with vagal 
impulses does injection of extracts cause abundant secretion. 

In the present stage of knowledge there is not much basis 
for an understanding of the mode of co-operation between the 
humoral and the nervous mechanisms. Like other workers, we 
have found that the blood flow through the stomach is increased 
on stimulation of the vagi. It is not possible to decide what 
part the increased blood flow plays in stimulating the gastric 
secretion. In various works Ivy has stressed the possible im- 
portance of vaso-dilatation for the stimulation of gastric secre- 
tion. However, the active pyloric agent described in this paper 
has no effect on the general arterial blood pressure. Even after 
intravenous administration of large doses of active extracts to 
unanaesthetized cats, no fall in blood pressure occurs. 

The humoral agents acting in the cephalic and gastric 
phases may be identical. 

It is tempting to suppose that the humoral factors of the two 
secretory phases are identical. Some common features of the 
humoral agents support this idea. 

Both humoral factors are liberated by a combined neuro- 
humoral mechanism. 
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As alreadj" mentioned, Zeliony and Savitsch found that 
cocaine instillation into an isolated pyloric pouch stopped the 
secretory effect of various food substances introduced into the 
pouch. These authors consider this to be due to a paralysis 
of afferent nerve endings in the mucosa, reflex paths being 
interrupted. Tliis conception was later revised by Savitsch 
(1922). According to him the liberation of a hormone was 
prevented by cocainization. Tlie effect of cocaine could not be 
due to local vasoconstriction, since local administration of 
adrenalin did not inhibit the secretory response. These workers, 
as also Lim, Ivy and McCarthy (1925), showed that injection 
of atropine inliibitod the gastric secretion obtained on introduc- 
tion of food into an isolated pyloric pouch. According to Ivy 
the inhibitor}'' effect of antropine suggests that post-ganglionic 
vagal structures are essential in initiating the gastric phase of 
secretion. 

Our results indicate that the hormone liberation from the 
pyloric region is under central nervous vagal control. After 
disconnecting the pyloric region from the stomach, the secretory 
effect of vagus stimulation decreased considerably. By this 
operation the pyloric region was deprived of at least the greater 
part of its vagal innervation. It is likely that the reduction in 
secretion is due to an elimination of pre-ganglionic vagal im- 
pulses, with accompanying reduced hormonal liberation to the 
blood stream. The existence of a central nervous control is 
further evident from cross-circulation experiments. In these the 
humoral factor occurs in detectable amounts only when the 
vagi are stimulated. 

According to Sciiabadasgh 1930 and others in sections of the 
gastric wall nerve cells are found in greater amounts in pyloric 
region than in the corpus. It is uncertain if these nervous 
structures are of vagal origin. Some investigators claim that 
they are both vagal and sympathetic, whereas others consider 
it impossible to decide what is the nature of these nervous 
structures. 

Prom our experiments it is likely that the obstruction of the 
cephalic phase of gastric secretion following cocainization of 
the pyloric region is due to paralysis of pyloric nervous struc- 
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tures. It is further likely that the functional integrity of these 
nervous structures is a necessity for the liberation of the 
humoral factors intervening in the gastric and the cephalic 
phases of secretion. 

Since the humoral factors engaged in the cephalic and gastric 
phases of secretion are both liberated from the pylO:ric region, 
and since both are probably liberated by the activity of local 
nervous structures in this region, it Is tempting to assume that 
the humoral factors engaged in the two phases are identical. 

Iat, Lim and MacCarthy (1925 b), working in dogs with entire 
stomach pouches and direct connection between oesophagus and 
duodenum, observed gastric secretion in the pouch after oral 
administration even of unabsorbable agencies such as saponines. 
Komarov (1938) claims to have extracted from the dogs duodenal 
mucosa a gastric secretory excitant other than histamine. These 
observations suggest that the intestinal phase is initiated by a 
humoral factor liberated from the intestinal mucosa. 

It may be hypothesized that all three phases of gastric 
secretion are excited by a similar mechanism and that one and 
the same humoral factor is engaged in the three phases. 

Is the conception of a neuro-humoral mechanism in the 
cephalic phase in harmony with previous observations? 

It is generally assumed that the cephalic and gastric phases 
of secretion are initiated in fundamentally different ways, the 
former by impulses conveyed by the vagi to the secretory cells, 
the latter by a combined neuro-humoral mechanism. According 
to the conception put forward in this Avork, both phases are 
initiated by fundamentally similar mechanisms, both neuro- 
humoral in nature. 

According to older clinical reports the psychic secretion is 
strongly reduced after resection of the pyloric region. This 
seemed surprising and could not be explained by the prevailing 
conception. SciruR and Plasciikes (1915) for example comment: 
»Es ist eigentlich nicht ganz verstllndlich, dass die Entfernung 
des pylorischen Abschnittes zur vollkommener Anaziditilt des 
Mageninhaltes fiihrt, auch wenn die Nahrung per os darge- 
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reicht wird.» Similar conclusions are drawn by Goetze (1927), 
Litthauer (1920) and others. As far as human pathology is 
concerned there seem to exist no recent papers on the psychic 
gastric secretion following resection of the pyloric region. 
Modern techniques of fractional testing of the gastric juice 
have been employed in studying the gastric secretion after 
gastric resections. A persistent HCl-secretion has been demon- 
strated in a large percentage of the cases. The persistent HCl- 
secretion has been considered by a number of workers to 
indicate that the psychic phase of secretion has not been inter- 
fered with by the operation. Applying the Rehfuss test meal, 
Klein (1927) observed a considerable decreased HCl-secretion 
after resection of the pyloric region; chewing a slice of lemon, 
however, appreciably increased the secretion. This again was 
taken as evidence that the psychic phase was not influenced 
by resection of the pyloric region. 

It should be noted that in clinical investigations of more 
recent years histamine and alcohol have been used as secretory 
stimulants. As has long been kno^vn, these substances stimulate 
the HCl-secreting glands directly without co-operation of 
nervous structures. These investigations therefore give no 
information about the mechanisms instrumental in the psychic 
phase. 

In experiments on animals a considerable secretion has been 
found to persist after resection of the pyloric region. Portis 
and Portis (1926), Suidt (1923), Steinberg et al. (1927) etc. 
observed secretion in the Pavlov pouch of dogs after such 
operations. They conclude that the psychic phase persists after 
resection of the pyloric region. However, these authors have 
not studied the two phases separately. 

In all these experiments secretion was excited by test meals. 
As far as we know, the only work studying the psychic phase 
separately was carried out by Straaten (1933), who reports 
that the gastric secretion excited by sham feeding of dogs 
decreased after resection of the pyloric region. In his experi- 
ments pronounced hyposecretion persisted 6 — 8 months after 
pyloric resection. After only partial resection of the pyloric 
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region, secretion tended to increase again during the course 
of some months. 

The fact that the ps5'chic phase may in some instances 
persist after resection of the pyloric region may be due to 
liberation of the hormone from some other source. It is con- 
ceivable that the hormone may be derived from the duodenal 
mucosa in sufficient amounts to make the HCl-glands respond 
to vagal impulses. 



Summary. 


The factors controlling the cephalic phase of secretion have 
been analyzed in dogs and cats. 

Evidence is presented in favour of the view that the cephalic 
phase of gastric secretion is controlled a combined neuro- 
luimoral mechanism identical in principle with that of the gastric 
phase. The pyloric region plays a major part in this mechanism. 

The main results supporting this view are the following: — 

I. Tlie gastric secretion during vagal stimulation stops or 
is greatly diminished 

a) if the pyloric region is deprived of its arterial blood 
supply. 

b) if the venous blood flow from the pyloric region is 
obstructed. 

c) if the function of the pyloric mucosa is depressed by 
cocainization. 

d) if the pyloric region is resected. 

II. A secretagogue agent is liberated from the pyloric region 
into the blood stream during vagus stimulation, as shown in 
cross-circulation e.xperiments. 

III. A secretagogue factor can be extracted from pyloric 
mucosa of cats and dogs. The extracts have been tested on 
animals with their pyloric region cocainized or resected. These 
tests indicate that 

a) by intravenous injection of the extract alone only a very 
slight secretion follows. 

b) by intravenous injection of the extract during concomitant 
stimulation of the vagi an abundant secretion occurs. 

The extracted mucosal factor is not histamine. 
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TABLE I. 

Cat 3.7 Jcg. Gastric secretion during stbnulatmi of vagi. Intensity of stmulus l.s m. 
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TABLE VI. 

Cat 3.i hg. Gastric secretion during stimulation of vagi before and after cocamization q/ pyloric mucosa. 
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Stimul. o£ vagi (extreme techy- ^ 

eardia, clonic iits) 13.2r)— 13.-10 15 0.9 

Stimul. of vagi 13.40—13.5.5 15 0.9 1G..5 48 5 

» 13.65—14.10 15 0.6 

» 14.10—14.25 15 0.1 
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TABLK :XI. 

Cat 3 .G kg. Gastric secretion during stimulation of vagi before and after discomiecting pyloric region from stomach. 
.-U a later stage the pyloric mucosa was cocainized. Intensity of stimulus 1 in. a. 
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TAHLK xrr. 

Dog In hg. Oessophagm iied in neck. Gastric secretion during stimulation of vagi before and after disconnerting 

pyloric, region from stomach. Intensity of stimulus it m. a. 
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Ct'osscirciilalion experiment. Cat. I (donor) 'J.r, Ug. Vat. II (recipient) n.n kg. 

Cross-circulation established aflcr cocainization of the donors pyloric mucosa. Gastric secration of donor eat during vagal 
stimulation; during a definite period the vagi of the reci2)ient cat irerc concomitantly stimulated. 

Intensity of stimulus 1 m. a. 



















TABLK XV. 

Cross drculatiou cxjm-ivient. Cat I (donor) ‘J.s kg. Cat JI (recipient) d.i kg. 

Cross circnlation eslasblished after resection of donor's pyloric region. Gastric secretion of donor cat during vagal atimnlation-, 
during a definite jxdod the vagi of recipient cat tccre concomitantlg stimulated. 

Intensity of stimulus 1 m. a. 
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Table XVI (Cont.). 
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TABLE XVII. 

Hrxj 11.:, kg. Oesophagus tied in neck. Gastric secretion during stimulation of vagi before and ajtcr resection of pyloric 
region. Following this, extracts from canine pyloric mucosa were injected intravenously. During defnitc 
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Table XVII (Cent,). 
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TABLK XVIir. 

Cnt ii.t kff. Gaslric uccretion during stimulation of vagi btforc and after cocainization of pgloric mucosa. 
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TABLE XIX, 

Cat 4.5 kg. Gastric secretion duritig stimulation of vagi before and after cocainization of pyloric mucosa. Following this, 
extract from cats pyloric mucosa was injected intravenously; during definite jieriods the vagi icere concomitantly stimulated. 
Cone, of extract: O.s gm moist mucosajcc. Histamine content O.oi ylcc. Intensity of stimulus 1 m. a. 
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Table XX (Cent.). 
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TABLE XXIII. 

Cat 3.3 Jig. Gastric secretion during intravenous injection of Jiistamine before and after resection of pyloric regio". 
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TABLE XXIV. 

C!nt ii .3 li(]. Gastric secretion during stimulation of vagi before and ajter resection of pyloric tegion. 
Histamine teas slowly injected intravenously; the vagi were stimulated during later stage aj injection. 

Intensity of stimulus 1 m. a. 
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